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HETEROCYCLIC MCHR1 ANTAGONISTS 

This Invention relates to novel heterocycles which are antagonists at 
the melanin-concentrating hormone receptor 1 (MCHR1). also referred to as 
11CBy, to phamiaceutical compositions containing them. to. processes for 
their preparation, and to their use in therapy. 

BACKGROUND OF THE INVENTION 

Obesity is a medical condition that Is reaching epidemic proportions 
among humans in a number of countries throughout the worid. It Is a 
condition that is also associated with or Induces other diseases or conditions 
that disrupt life activities and lifestyles. Obesity Is recognized as a serious risl< 
factor for other diseases and conditions such as diabetes, hypertension, and 
arteriosclerosis. It is also known that increased body weight due to obesity 
can place a burden on joints, such as knee joints, causing arthritis, pain, and 
stiffness. 

Because overeating and obesity have become such a problem in the 
general population, many individuals are now interested In losing weight, 
reducing weight, and/or maintaining a healthy body weight and desirable 
lifestyle. 

WO01/21577 (T akeda) relates to a compound of the formula 

Ar— X-Ar-Y-I 



r-X-Ar-^.^^) 



wherein Ar^ is a cyclic group which may have substituents, X is a spacer 
having a main chain of 1 to 6 atoms, Y is a bond or a spacer having a main 
chain of 1 to 6 atoms, Ar Is a monocyclic aromatic ring which may be 
condensed with a 4 to 8 membered non-aromatic ring, and may have further 
substituents; R^ and R^ are independently hydrogen or a hydrocarbon group 
which may have substituents; R^ and R^ together with the adjacent nitrogen 
atom may form a nitrogen containing hetero ring which may have 
substituents; R^ may form a spiro ring together with An or R^ together with the 
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adjacent nitrogen atom may fonn a nitrogen containing hetero ring wiiich may 
have substituents; or a salt thereof; and which compounds are antagonists of 
a melanin-concentrating hormone. Such compounds are suggested as being 
useful for preventing or treating obesity. 

WO 01/82925A1 (Tal<eda) relates to a compound of the formula 

I 



wherein Ar*" is an optionally substituted cyclic group; 

X and Y are the same or different spacers having from 1 to 6 atoms In the 
10 main chain; 

Ar is an optionally substituted fused polycyclic aromatic ring; 

and R^ are the same or different hydrogen atoms or optionally substituted 

hydrocarbon groups, or R^ and R^ together with the adjacent nitrogen atoms 

may form an optionally substituted nitrogenous heterocycle, R^ together with 
1 5 the adjacent nitrogen atom and Y may fonm an optionally substituted 

nitrogenous heterocycle, or R^ together with the adjacent nitrogen atom, Y, 

and Ar may fomn an optionally substituted nitrogenous heterocycle or salts 

thereof. 

WO 01/21 577A2 (Takeda) relates to aromatic compounds of the 
20 formula 



Ar— X-Ar-Y-N ) 

V rV 




or a salt thereof, which is useful as an agent for preventing or treating obesity. 
I=^2897W01 (GlaxoSmithKline) relates to compounds of the formula 



25 



R3Z— QY-^' ^; M_L_NI^R^ 

X 
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or a salt thereof . wherein M Is a group selected from O. S. CO. NH or CHa. L 
is a 2 or 3 membered alkylene chain, and the chain -M-L may be optionally 
substituted by one or more groups selected from methyl, ethyl, hydroxy or 
alkoxy and or which chain may contain a -C=C- double bond; R, and R2 each 
independently represent hydrogen. C,^ straight or branched alkyi which may 
be optionally substituted by phenyl, or cycloalkyi optionally substituted by 
one or more Ci^alkyl groups; or R, and R^ together with the nitrx^gen atom to 
which they are attached fomi a 4-8 membered heterocyclic ring or a 7-10 
membered bridged heterocyclic ring, which rings may be optionally 
substituted by a phenyl group or up to 4 Ci^alkyl groups; or R, or R^ may be 
linked to the group L or be linked as part of the substituted X on the phenyl 
ring to fomr, a cyclic group; the group X may be linked to the group L to form a 
cyclic group which may contain an additional oxygen, a sulphur or nitrogen 
atom, alternatively or additionally there may be one or more substituents X 
selected from hydroxy, d.aalkyl. ^.^ alkoxy. halogen. C2.3alkenyl. benzyl. 
CRaNOR, wherein Ra and R^ are independently hydrogen or methyl, methoxy- 
methyl, methoxymethoxy or methoxyethoxy; QY is a bicycllc fused 
heterocyclic ring wherein Y Is one ring of a bicycllc fused heterocyclic group 
and which Is linked via nitrogen atom therein to the phenyl ring, and 
substituted on the second ring Q by the group ZR3; Z Is a bond or a group 
selected from NH. NCH3 O. S or CH^; R3 Is a group selected from aryl 2- 
alkenyl. cycloalkyi or 2-cycloaIkenyl and which R3 group may be optionally 
substituted by one or more C,., alkyI, halo, amino, alkylamino. dialkylamino. 
hydroxy. C1.3 alkoxy. cyano. trifluoromethyl or methylthio groups, processes 
for their preparation, pharmaceutical compositions containing them and to 
their use In medicine. 

P32897W02 (GlaxoSmithKline) relates to a compound of ttie formula 
comprising: 
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a phamnaceutically acceptable salt or solvate thereof, formulations, processes 
of preparing, and methods of administering to mammals are provided. 

Aventis WO 03/01 5769A1 relates to aminoalkyl-substituted aromatic 
compounds of the formula below, their physiologically funcitonal derivatives 
and salts, as well as a method for a the production thereof. Said compounds 
can be suitably used as anorectic drugs. 




R2 



In particular. It is known that melanin-concentrating hormone ("MCH ") 
originates in the hypothalamus and has orexigenic action (see Nature . Vol. 
396, p. 670, (1998), for example). There is an on-going need for the 
development of a melanin-concentrating hormone antagonist useful in the 
treatment of obesity and other associated or related diseases and conditions. 

Accordingly, we have now found a novel group of heterocycles that 
exhibit a useful profile of activity as antagonists of the melanin-concentrating 
hormone receptor (MCHR1) disclosed in Nature, Vol. 400, p. 261-265 (1999). 

SUMMARY OF THE INVENTION 

The present invention provides a compound of formula (I) comprising: 
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(R^ (I) 

a pharmaceutically acceptable salt, solvate, or phyisiologically functional 
derivative thereof, wherein: 

^ IS aryl or heteroaryl, optionally substituted one to four times by a least 
one substiutent selected from the group consisting of straight or branched 
alkyl. alkenyl, halo, amino, alkylamino, dialkylamino, hydroxy, 
Ci^alkoxy. cyano, nitro, and alkylthio groups; 

the dashed line connecting to represents an optional bond; 

q, r, s, and t are each independently 0 or 1 ; 

when q is 1 , the bond between and is a double bond; 
and are each independently C or N; 

when q is 0 then is N. S, or O; 

when q is 1 , then is C or N; when q is 1 and is N, then s is 0; 

when is S or O, s Is 0; 

when is N, r is 0; 

when is N, t is 0; 

is selected from the group consisting of hydrogen, amino, Ci-6 
straight or branched alkyl, C3-6 cycloalkyi, and C1.3 alkylthio; 

when or is C, then each corresponding R* is independently 
selected from the group consisting of hydrogen, straight or branched 
alkyl, C3-6 cycloalkyi, alkoxy, amino, alkylamino, dialkylamino, hydroxy, 
cyano, alkylthio, and halo; 

when q is 1 and is C or when q is 0 and is N, then R^ is selected 
from hydrogen, straight or branched alkyl, cycloalkyi, Ci^ alkoxy, 
amino, alkylamino, dialkylamino, hydroxy, cyano, alkylthio, and halo; 
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Ar Is a fused bicyclic ring optionally substituted one to four times by at 
least one substltuent selected from the group consisting of straight or 
branched alkyl. alkenyl. halo, amino, alkylamino. dialkylamino, hydroxy. 
alkoxy. cyano. and alkylthio groups; 

Y is a bond or a Ci^ alkylene. optionally substituted; 
(i) and each Independently are selected from the group 
consisting of hydrogen. C^.e straight or branched alkyl. Ca^ cycloalkyi, and a 
5- or 6-membered heterocycle wherein said alkyl. said cycloalkyi, and said 
heterocycle are optionally substituted one to four times by at least one 
substituent selected from the group consisting of phenyl. C1.3 alkyl. amino. Ci. 
6 alkylamino. dialkylamino, hydroxy. 0x0 (i.e.. =0), alkoxy and halo; 

or (il) R^ and R^ may be selected from the group consisting of aryl and 
a 5- or 6-membered heteroaryl containing 1, 2, or 3 heteroatoms selected 
from N, O, and S, wherein said aryl and said heteroaryl are optionally 
substituted 1. 2. or 3 times with a substituent selected from halo, Ci^ straight 
or branched alkyl, C^^ cycloalkyi. alkenyl, Cg^ cycloalkenyl. hydroxy, 
alkoxy, amino, alkylamino. d-e dialkylamino, alkylthio, C1.6 
alkylsulfinyl, and phenyl; 

or (iii) R^ and R^ together with the nitrogen atom to which they are 
bonded form a 4-8 membered heterocyclic ring or a 7-1 1 membered bicyclic 
heterocyclic ring, each of said 4-8 membered heterocyclic ring and said 7-1 1 
membered bicyclic heterocyclic ring contain 1 , 2 or 3 heteroatoms selected 
from the group consisting of N, O, and S. and wherein either said heterocyclic 
ring or said bicyclic heterocyclic ring may be optionally substituted one to four 
times by at least one substituent selected from the group consisting of phenyl. 
C1.3 alkyl. hydroxy. C1.3 alkoxy, 0x0 (i.e.. =0), amino. Ci^ alkylamino. 
dialkylamino, and halo; 

or (iv) r2 together with the adjacent nitrogen atom and Y may form an 
optionally substitued nitrogen-containing heterocycle, or R^ together with the 
adjacent nitorgen atom. Y, and Ar may fomi an optionally substitued nitrogen- 
containing heterocycle or salt thereof, and wherein said heterocycles are 
optionally substituted one to four times by at least one substituent selected 
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from the group consisting of phenyl, C1-3 alkyl. hydroxy. Ci^alkoxy. 0x0 (i.e.. 
=0), amino, Ci^ alkylamino, dialkylamino, and halo; 

In another aspect of the Invention, there is provided a pharmaceutical 
composition for use in the treatment, prophylaxis or both of one or more 
conditions or indications set forth herein comprising a compound of formula 
(I), or a physiologically acceptable salt, solvate, or physiologically functional 
derivative thereof, and a phanTtaceutlcally acceptable carrier or exciplent. 
There is also provided a method of treatment comprising the administration of 
the above-identified compound of formula (I) to a mammal such as a human, 
as well as. the use of said compound In the manufacture of a medicine for 
treating the conditions of obesity, diabetes, depression, and/or anxiety in a 
mammal (e.g., a human). 

In a further embodiment of the Invention, there are provided processes 
for the preparation a compound of formula (I). 

Detailed Description of the Invention 

As used herein, "a compound of the invention" or "a compound of 
fomnula (1)" means a compound of formula (I) or a pharmaceutically 
acceptable salt, solvate, of physiologically functional derivative (such as, e.g. 
a prodrug), thereof. 

As used herein, unless othenwise specified, the term "alkyl" and 
"alkylene" refer to straight or branched hydrocarbon chains containing 1 to 6 
carbon atoms. Examples of "alkyl" as used herein Include, but are not limited 
to, methyl, ethyl, n-propyl, n-butyl, n-pentyl. isobutyl, isopropyl. tert-butyl. and 
hexyl. Examples of "alkylene" as used herein include, but are not limited to, 
methylene, ethylene, propylene, butylene, and isobutylene. "Alkyl" also 
Includes substituted alkyl. "Alkylene" also includes substituted alkylene. The 
alkyl and alkylene groups may optionally be substituted with at least one 
substituent selected from the group consisting of hydroxy, alkoxy, halo, 
amino, alkylamino. dialkylamino, thio. 0x0, aryl, and cyano. Halo, alkoxy, and 
hydroxy are particulariy prefenred. 

As used herein, unless othenwise specified, the terni "cycloalkyl" refers 
to a non-aromatic carbocyclic ring having from 3 to 8 carbon atoms (unless 
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otherwise specified) and no carbon-carbon double bonds. "CycloalkyI" 
includes by way of example cyclopropyl. cyclobutyl. cyclopentyl. cyclohexyl 
cycloheptyl. and cyclooctyl. "CycloalkyI" also Includes substituted cycloalkyi 
The cycloalkyi may be optionally substituted with at least one substituent 
selected from the group consisting of hydroxy, cyano. halo, alkoxy. amino 
alkylamino. dialkylamino. and alkyl. Halo, hydroxy, and alkoxy are preferred. 

As used herein, unless othenA/ise specified, the temi -alkenyl" refers to 
straight or branched hydrocarbon chains containing 2 to 8 carbon atoms and 
at least one and up to three carbon-carbon double bonds. Examples of 
-alkenyr as used herein Include, but are not limited to. ethenyl and propenyl 
"Alkenyr also includes substituted alkenyl. The alkenyl group may be 
optionally substituted with at least one substituent selected from the group 
consisting of alkyl. amino, alkylamino. dialkylamino. halo, hydroxy, alkoxy. and 
cyano. Halo, hydroxy, and alkoxy are preferred. 

As used herein, unless othenvise specified, the temi "cycloalkenyl" 
refers to a non-aromatic carbocyclic ring having from 3 to 8 carbon atoms 
(unless othenvise specified) and up to 3 carbon-carbon double bonds 
Xycloalkenyr includes by way of example, cyclobutenyl. cyclopentenyl. and 
cyclohexenyl. "Cycloalkenyl" also includes substituted cycloalkenyl. The ring 
may be optionally substituted with at least one substituent selected from the 
group consisting of cyano. halo, hydroxy. -NHz. -N3, -CN. -O-C1.3 alkyl. - 
NH(Ci^ alkyl). -N(Ci.3 alkyl)2. and -C1.3 alkyl (Including haloalkyi). 

As used herein, the temns "halo" or "halogen" refer to fluorine, chlorine 
bromine, and Iodine. Preferred among these are chlorine (or "chloro") and 
fluorine (or "fluoro"). 

Unless othenvise specified, the term, "aryl" (as well as "aromatic") 
refers to monocyclic carbocyclic groups and fused bicyclic carbocylic groups 
having from 6 to 12 cartoon atoms and having at least one aromatic ring. 
Examples of particular aryl groups include, but are not limited to, phenyl and 
naphthyl. "Aryl" also includes substituted aryl. especially substituted phenyl. 
An aryl ring may be optionally substituted with at least one substituent 
selected from the group conslsfing of halo, alkyl (including haloalkyi). alkenyl 
cycloalkyi. cycloalkenyl. alkoxy. amino, hydroxy, hydroxyalkyl. aminoalkyi 
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carboxy. carboxamlde. sulfonamide, heteroaryl (abbreviated as "Her), 
amidine. cyano. nitro. and azido. Preferred aryl groups according to tl^e 
invention include, but are not limited to. phenyl and substituted phenyl. 
Preferred substituted phenyl is a phenyl containing one or more halo groups. 
5 particularly chloro and fluoro groups. 

The temris "heterocycle" and "heterocyclic" refer to a ring system 
composed of C and at least one other atom selected from the group 
consisting of N. O. and S. Heterocycles may or may not be heteroaromatic as 
defined below. In other words, heteroaromatics are heterocycles. but all 
1 0 heterocycles are not heteroaromatic. 

The term "heteroaryl" and "heteroaromatic" refer to a monocyclic or 
bicylic aromatic ring system composed of C and at least one other atom 
selected from the group consisting of N, O. and S. 

The terms "members" (and variants thereof, e.g.. "membered") in the 
context of heterocyclic, heteroaryl, and aryl groups refers to the total atoms, 
carbon and heteroatoms (N, O. and/or S) which form the ring. Thus, an 
example of a 6-membered heterocyclic ring is piperidine. an example of a 6- 
membered heteroaryl ring is pyridine, and an example of a 6-membered aryl 
ring is benzene. 

As used herein, the term "optionally" means that the subsequently 
described event(s) may or may not occur, and includes both event(s) that 
occur and events that do not occur. 

Fomiula (I) of the invention is set forth in detail as follows 

^ IS aryl or heteroaryl, optionally substituted one to four times with at least 
one substituent selected from the group consisting of straight or branched 
alkyl. alkenyl. halo, amino, alkylamlno. dialkylamino, hydroxy. 
Ci.e alkoxy. cyano. nitro, and alkylthio groups. Preferred among these 
substituted groups are halo, C,., alkyl, and C,.3 alkoxy. Most preferred are 

fluoro, chloro. and methoxy. In a preferred embodiment said © is 
30 substituted with a halo group, q is 0. is carbon. is sulfur, and is 
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hydrogen or halo. For example. O is 4K:hlorophenyl and and R^ are 
each hydrogen. 

In the formula, the dashed line connecting to represents an 
optional bond such that the bond between and are connected by a 
double bond; and q. r, s, and t are each Independently 0 or 1. 

In formula (I), q Is 0 or 1. When q Is 1 the bond between and In 
formula (I) is a double bond. When q is 0 there is no group. When q Is 0 
then q2 Is N. S. or O. And when q Is 1. Is C or N. When q Is 1 and fs 
N, then s Is 0 and there is no R^ substituent. 

and q3 are each independently carbon (C) or nitrogen (N) In one 
embodiment. Q\ Q\ and are each carbon and q. r. s. and t are 1 In 
another embodiment, is carbon. is sulfur, q and s are 0. and r Is 1 . 

In the formula, r and t are each independently 0 or 1 . When r and t are 
each Independently 0. then there is no R" substituent. When r and t are each 
independently 1 . and are each Independently bonded by the group R* 
Each R^ Is the same or different and Is independently selected from the group 
consisting of hydrogen. Ci.e straight or branched alkyl. Ca^ cycloalkyl. C,^ 
alkoxy, amino, alkylamlno. dialkylamio, hydroxy, cyano. alkylthio, and halo 

In formula (I), s is 0 or 1 . When Is S or O. then s is 0 and there Is no 
R group. When is C, then s is 1 and R« is selected from the group 
consisting of hydrogen, C,^ straight or branched alkyl, C3.6 cycloalkyl. C,^ 
alkoxy. amino, alkylamlno. dialkylamino, hydroxy, cyano, alkylthio. and halo 
When Q is C. preferably R« is hydrogen or a C,.3 alkyl; most preferably R« Is 
hydrogen or methyl. 

In formula (I). R^ is selected from the group consisting of hydrogen 
ammo, straight or branched alkyl. and C3.6 cycloalkyl. Preferably R^is 
hydrogen or a alkyl; most preferably R^ is hydrogen or methyl. 

When either or both and are C. then R^ is selected from the 
group consisting of hydrogen. C,^ straight or branched alkyl. cycloalkyl 
C1-6 alkoxy. amino, alkylamlno. dialkylamino. hydroxy, cyano, alkylthio, and ' 
halo. Preferably, when either or both and are C, R^ is hydrogen or C,^ 
alkyl; most preferably R^ Is hydrogen or methyl. 



to 
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When q2 is N. and s Is 1 . is selected from the group consisting of 
hydrogen. C,^ straight or branched alkyl. C« cycloalkyl. C,^ alkoxy. amino 
aikylamino. dialkyi amino, hydroxy, cyano. alkylthio. and halo. When |s N 
and s is 1 . preferably R« is hydrogen or a C,^ alkyl; most preferably R« is 
hydrogen or methyl. 

In the formula (I), Ar is an optionally substituted fused bicyclic ring 
having 9 to 14 members, optionally substituted one to four times by at ieast 
one substltuent selected from the group consisting of C.^ straight or branched 
alkyl. alkenyl. halo, amino, aikylamino. dialkylamino. hydroxy. Ci s alkoxy 
cyano. and alkylthio groups. That is. Ar can be a fused bicyclic ring having- 
(I) two aromatic rings fused together, (ii) an aromatic ring and a 
heteroaromatic ring fused together, (ill) two heteroaromatic rings fused 
together. (Iv) an aromatic ring fused to a heterocyclic ring, or (v) having an 
aromatic ring fused to a carbocyclic ring. Preferably. Ar Is selected from the 
group consisting of quinoline. naphthalene, benzlmldazole. indole, 
benzothiophene, benzofuran. and benzothlazole. When Ar is a ten- 
membered bicyclic aromatic or ten-membered bicyclic heteroaromatic ring 
then preferably Ar is quinoline or naphthalene. When Ar Is a 9-membered' 
fused bicyclic heteroaromatic ring, then preferably Ar is benzlmldazole. Indole, 
benzothiophene, benzofuran. or benzothlazole. 

In the formula (I). Y is a bond or a alkylene. optionally substituted 
as defined herein. When Ar Is a ten-membered polycycllc aromatic or ten- 
membered polycyclic heteroaromatic ring, then preferably Y is a 3 alkylene 
optionally substituted; most preferably Y is methylene (-CH2-). optionally 
substituted. When Ar is a 9-membered fused polycyclic heteroaromatic ring 
then preferably Y is a bond or a C,^ alkylene. optfonally substituted; most ' 
preferably Y is a bond. 

In (i). R^ and R^ of formula (I) are each independently selected from the 
group consisting of hydrogen. C,^ straight or branched alkyl. C3.6 cycloalkyl 
phenyl, and 5- or 6-membered heterocycle. wherein said alkyl. said cycloalkyl 
and said heterocycle are optionally substituted one to four times by at least 
one substltuent selected from the group consisting of phenyl. C,^ alkyl 
amino. C,.6 aikylamino. dialkylamino. hydroxy, 0x0, alkoxy. and halo 
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Preferably. and R^ are each independently selected from the group 
consisting of hydrogen. C,^ straight or branched alkyl. and cycloalkyi 
Most preferably. R^ and R^ are each independently selected from the group 
consisting of hydrogen. C1.3 alkyl. and Ca^ cycloalkyi. 

Or. in (ii). R^ and R^ are selected from the group consisting of aryl and 
a 5- or 6-membered heteroaryl containing 1. 2. or 3 heteroatoms selected 
from N. O. and S. wherein said aryl and said heteroaryl are optionally 
substituted 1 . 2. or 3 times with at least one substituent selected fram the 
group consisting of halo, straight or branched alkyl. C3-6 cycloalkyi. 
alkenyl. Ca^ cycloalkenyl. hydroxy. alkoxy. amino. C,^ alkylamlno.' C,^ 
dialkylamino. C,^ alkylthio, alkylsulfinyl. and phenyl. Preferably, when 
either R^ or R^ is aryl or heteroaryl. the other remaining R^ or R^ is a 
hydrogen, a alkyl, or a Cg^ cycloalkyi. 

Additionally, in (iii). R^ and R^ together with the nitrogen atom to which 
they are bonded can form a 4-8 membered heterocyclic ring or a 7-1 1 
membered bicycllc heterocyclic ring. The 4-8 membered heterocyclic ring 
and/or the 7-1 1 membered bicyclic heterocyclic ring may contain 1 . 2. or 3 
heteroatoms selected from the group consisting of N. O. and S. And either 
the heterocyclic ring or the bicyclic heterocyclic ring may be optionally 
substituted one to four times by at least one substituent selected from the 
group consisting of phenyl. alkyl, hydroxy, C,^ alkoxy, amino. 
alkylamino. dialkylamino. 0x0, and halo. Here neither group R^ or R^ is 
linked to M or L. Preferably. R^ and R^ together form a 5- or 6-membered 
heterocyclic ring or an 8- to 1 1-membered bicylic heterocyclic ring, having 1 or 
2 heteroatoms selected from the group N. O, and S wherein said heterocyclic 
ring and said bicyclic heterocyclic ring may be optionally substituted up to two 
times with a substituent selected from the group consisting of 0x0 and halo. 

Also additionally. In (iv). R^ together with the adjacent nitrogen atom 
and Y may forni an optionally substituted nitrogen-containing heterocycle, or 
R^ together with the adjacent nitrogen atom. Y. and Ar may forni an optionally 
substituted nitrogen-containing heterocycle or salt thereof. The said nitrogen- 
containing heterocycles are optionally substituted one to four times by at least 
one substituent selected from the group consisting of phenyl, C1-3 alkyl. 
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hydroxy. Ci-aalkoxy, oxo (I.e.. =0). amino, 'Ci^alkylamino. dialkylamino, 
and halo. Preferably. together with the adjacent nitrogen atom and Y form 
a 3-7 membered ring when Y is a all<yl group. Most preferably a 5-7 
membered ring is formed. The 5-7 membered ring is optionally substituted by 
at least one substitutent selected from the group consisting of phenyl, one to 
four C1.3 alkyl. hydroxy, alkoxy, 0x0. amino. alkylamino, dialkylamino. 
or halo. 

In one embodiment, when Ar is a 10-membered aromatic ring or a 10- 
membered heteroaromatic ring, the most preferred compounds according to 
this invention are selected from ttie group consisting of 

6-(4-chlorophenyl)-3-{6-[(4-hydroxy-1-piperidinyl)methyl]-2- 
naphthalenyl}thieno[3.2-d]pyrimidln-4(3H)-one; 

6-(4-chlorophenyl)-3-[6-(pyrrolidin-1-ylmethyl)-2-naphthyl]thieno[3.2- 
cr|pyrimidin-4{3H)-one; 

6-(4-chlorophenyl)-3-{2-[(4-methylpiperazin-1-yl)methyl]-1-benzothien-5- 
yl}thieno[3,2-d]pyrimidin-4(3H)-one; 

6-(4-fluorophenyl)-3-[2-(piperidin-1-ylmethyl)qulnolin-6-yl]thleno[3.2- 
c/|pyrimidin-4(3H)-one; 

6-(4-chlorophenyl)-3-{2-[(2-methyl-4,5-dihydro-1H-imldazol-1- 
yl)methyl]quinoIin-6-yl}thieno[3,2-dlpyrimidin^(3Ay)-one; 

6-(4-chlorophenyl)-3-{2-[(2.2,6.6-tetramethylpiperidln-1-yl)methyl]qulnolin-6- 
yl}thieno[3,2-£/lpyrimidin-4(3H)-one; 



6-phenyl-3-[2-(pyrrolidin-1-ylmethyl)quinolin-6-yl]thieno[3,2-a[lpyrimidin-4(3H)- 
one; 
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6-phenyl-3-[2-(pyiTolidin-1-ylmethyl)quinolin-6-yl]thieno[3,2-d]pyrimidm 
one. 

In another embodiment, when Ar is a 9-membered heteroaromatic ring, 
the most preferred compound according to this invention is 

6-(4-chlorophenyl)-3-[2-(dimethylamino)-1-methyHH-ben2lmidazol-6- 
yl]thieno[3.2-c(lpyrimidin-4(3H)-one. 

Certain compounds of formula (I) may exist in stereoisomeric forms 
(e.g., they may contain one or more asymmetric carbon atoms or may exhibit 
cis-trans isomerism). The individual stereoisomers (enantlomers and 
diastereomers) and mixtures of these are included within the scope of the 
present invention. The present invention also covers the Individual Isomers of 
the compounds represented by formula (I) as mixtures with isomers thereof In 
which one or more chiral centers are inverted. Certain compounds of formula 
(I) may be prepared as regiolsomers. The present Invention covers both the 
mixture of regiolsomers as well as individual compounds. Likewise, It is 
understood that compounds of formula (I) may exist in tautomeric forms other 
than that shown In the formula and these are also included within the scope of 
the present invention. 

It is to be understood that the present invention includes ail 
combinations and subsets of the particular groups defined hereinabove. 
Specific compounds of fomnula (I) include but are not limited those set forth in 
Table I and/or those prepared examples herein. 
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Table i 



Example 
No. 



^ I Structure" 



CI- 



Name 



CI- 



^-Me 6-(4-chlorophenyl)-3-{2- 
Me I [(dlmethylamino)methyl]quinol 

6-yl}thieno[3,2-d]pyrimidin-4(3H)- 



in- 



one 



6-(4-chlorophenyl)-3-{2-[(4- 
phenylpiperidin-1- 

yl)methyl]quinolin-6-yl}thienor3 2- 
d]pyrimidin-4(3H)-one 

t)-(4-chlorophenyl)-3-{2-[(4- 
phenylpiperazin-1- 

yOmethyl]qumolin-6-yl}thieno[3.2- 
TS d]pyrimidin-4(3H)-one 



6-(4-chlorophenyl)-3-[2- 
I (morpholin-4-ylmethyl)quinolin-6- 
. _/ I yl]thieno[3.2-d]pyrimidin-4(3H)- 
one 



8 



CI- 



6-(4-chlorophenyl)-3-{2-[(4- 
methylpiperazin-1 - 

y')methyl]qulnolin-6-yl}thlenor3 2- 
^ ' d]pyrimidin-4(3H)-one 



, 3-[2-(hydroxymethyl)-6- 
9 f^^y^u-^-^^ quinollnyl]-6(4- 

^ methylphenyl)thieno[3,2- 
d]pyrimidin-4r3H)onfi 



ci- 



^ M I ^"('^-c'^'o'"ophenyl)-3-{2-r(3-oxo- 

o Y^1'^° 1-Pyrrolidinyl)methylI-6- 

-^N-"^^-^ ^ 1 5"«"ol'nyl}thieno[3,2-dJpyrlmidin- 

4(3H)-one 



^ M 6-(4-chlorophenyl)-3-(2-{r(3S)-3- 
o Y^N'N^'' fluoropyrrolidinyl]methyl}-6- 

^ I quinolinyl)thceno[3,2-d]pyrimidin- 
4(3H)-one 
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No. 



10 



11 



12 



13 



14 
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lb 



Structure 



CI 




CI- 




N 




HCI 




'OMe 



HCI 



CI 




Name 

[6-(6-(4-chlorophenyl)-4- 
oxothieno[3,2-d]pyrimidin-3(4H)- 
yl)-2-quinolinyI]methyl(methyl)- 
formamide 



6-(4-chlorophenyl)-3-{2- 
[(methylamino)methyl]quinolin-6- 
yl>thleno[3.2-d]pyrimidin-4(3H)- 



one 



6-(4-chlorophenyl)-3-[2- 
(dimethylamino)-1-methyl-1 H- 
ben2imidazol-6-yl]thleno[3,2- 
d]pyrimidin-4(3H)-one 



6-(4-chlorophenyl)-3-(1-methyl-2- 
(pyrrolidin-1 -ylmethyl)-1 H-indol- 

5-yl]thieno[3.2-d]pyrimidin-4(3H)- 
one hydrochloride 



6-(4-chlorophenyl)-3-(2-{[(2R)-2- 
(methoxymethyl)pyrrolidln-l - 
yl]methyl}-1 -methyl-1 H-indol-5- 
yl)thieno[3,2-d]pyrimidin-4(3H)- 
one hydrochloride 




/ 



6-(4-methylphenyl)-3-[2- 
(pyrrolidln-1 -ylmethyl)-1 - 
benzofuran-5-yl]thieno[3,2- 
d]pyrimldln-4(3H)-one maleate 
salt 



HOjC COjH 




3-(2-{[(2R)-2- - 
(methoxymethyl)pyrrolidin-l - 
yl]methyI}-1-benzofuran-5-yl)-6- 
(4-methylphenyl)thieno[3,2- 
d]pyrimldin-4(3H)-one maleate 
salt 



6-(4-chlorophenyl)-3-{2- 
[(dimethylamino)methyl]-2,3- 
dihydro-1 ,4-ben2odioxln-6- 
yi}thleno[3,2-d]pyrimldin-4(3H)- 
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Example 
No. 


Structure 


Name " " 


17 




one 

6-(4-chlorophenyl)-3-[2-(4- 
morpholinylmethyl)-2.3-dihyclro- 
1 ,4-benzodioxin«6-yl]thieno[3,2- 
cl]pyrimidin-4(3H)-one 


18 




6-(4-chlorophenyl)-3-{2-[(4- 
methyl-1 -piperazinyl)methyll-2,3- 
dihydro-1 ,4-benzodioxln-6- 
yl}thjeno[3,2-d]pvrimidin-4r3H'4. 
one 


19 




6-(4-chIorophenyl)-3-(2-{[(3R)-3- 
hydroxy-1 -pyrrolidlnyl]methyl>- 
2,3-dihydro-1 ,4-ben2odioxln-6- 

yl)thieno[3.2-d]pyrimidin-4(3H)- 
one 


20 




6-(4-chlorophenyl>-3-{(2S)-2- 
[(dimethyfamino)methyl]-2,3- 
dihydro-1 ,4-ben2odioxin-6- 

yI}thieno[3.2-d]pyrimldin-4(3H)- 
one 


21 




6-(4-chlorophehyl)-3-{(2R)-2- 
[(dimethylamino)methyl]-2,3- 
dihydro-1 ,4-benzodioxin-6- 

yl}thieno[3,2-d]pyrimidin-4(3H)- 
one 


22 




6-(4-chlorophenyl)-3-[(2S)-2-(1- 

pyrrolldinylmethyl)-2.3-dlhydro- 

1,4-benzodioxln-6-ylithieno[3,2- 
d1pyrimidin-4f3HVone 


23 




6-(4-chlorophenyl)-3-[(2R)-2-(1 - 
pyrrolidlnylmethyl)-2,3-dlhydro- 
1,4-benzodioxin-6-yl]thieno[3,2- 
d]pyrimidin-4(3H)-one 


24 




6-(4-chlorophenyl)-3-{2- 

[(dimethylamino)methyl]-3,4- 

dihydro-2H-1 ,4-benzoxazin-6- 

yl}thieno[3,2-d]pyrimidin-4(3H)- 
one 


25 




6-(4-chlorophenyl)-3-[2-(4- 
morpholinylmethyl)-3,4-dihydro- 
2H-1 ,4-benzoxazih-6- 

yl]thieno[3,2-d]pyrimidln-4(3H)- 
one 
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1 Example 
1 No. 


Structurf* 


IN a me 


26 




6-(4-chlorophenyl)-3-[2-(1 - 
pyrrolidinylmethyl)-3,4-dihydro- 
2H-1 ,4-benzoxazin-6- 

yl]thieno[3,2-d]pyrimldin-4(3H)- 
one 


27 




6-(4-chlorophenyl)-3-{2-[(4- 
methyl-1-piperazinyl)methyl]-3,4- 
dihydro-2H^1 ,4-ben2oxazin-6- 

yl}th{eno[3,2-d]pyrimidin-4(3H)- 
one 


28 






6-(4-chlorophenyl)-3-(2-{[(3R)-3- 
hydroxy-1 -pyrrolidlnyl]methyl}- 
3,4-dihydro-2H-1 ,4-ben2oxazin- 

6-yl)thieno[3,2-d]pyrimidin-4(3H)- 
one 


29 




6-(4-chlorophenyl)-3-{6- 

[(dimethylamino)methyl]-5,6,7,8- 
tetrahydro-2- 

naphthalenyl}thieno[3,2- 
dlpyrimidin-4(3H)-one 


30 




6-(4-chlorophenyl)-3-[6-(1 - 
pyrrolidinylmethyl)-5,6,7,8- 
tetrahydro-2- 

naphthalenyl]thieno[3,2- 
d]pyrlmidin-4(3H)-one 


31 




6-(4-chlorophenyl)-3-[6-(1 - 

piperidinylmethyl)-5,6,7,8- 

tetrahydro-2- 

naphthaIenyl]thieno[3,2- 

d]pyrimidin-4(3H)-one 


32 


O^N-f 7-411 J Me 


3-[2-(dimethylamlno)-1 -methyl- 
1 H-benzimidazol-6-yq-6-(4- 
nitrophenyl)thieno[3,2- 
d]pyrjmidin-4(3H)-one 


33 


CI 9 




6-(2-chlorophenyl)-3-[2- 
(dlmethylamino)-l -methyl-1 H- 
benzlmidazol-6-yl]thleno[3,2- 
d]pyrimidin-4(3H)-one 


0*r 




CC/'O 


6-(4-chlorophenyl)-3-[6-(1 - 
pyrrolidinylcarbonyl)-2- 
naphthalenyl]thieno[3,2- 
d]pyrlmidln-4(3H)-one 
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Example 

Nn 


Structure 


Name 


35 


a— ^ / 




6-(4-chlorophenyl)-3-[6-(1 - 
piperidinylmethyl)-2- 
naphthalenyl]thleno[3,2- 
d]pyrimidin-4(3H>one 


36 


CI-/ y 




6-(4-chlorophenyl)-3-(6-{[(3R)-3- 
hydroxy-1 -pyrrolidinyl]methyl>-2- 
naphthalenyl)thieno[3.2- 


37 






6-(4-chlorophenyl)-3-{6-[(4- 
hydroxy-1-piperidinyl)methyl]-2- 
naphthalenyI}thieno[3,2- 
d]pyrimldin-4(3H)-one 


38 






3-{2-[(dlmethylamino)methyl]-6- 

quinolinyl}-7-(4-fluorophenyI)- 

4(3H)-quinazoiinone 


39 






7-(4-chlorophenyl)-3-{2- 

[(dimethylamino)methyl]-6- 

quinolinyl}-4(3H)-quinazolinone 


40 






7-(4-fluorophenvn-3-r2-M - 

pyrrolidinylmethyl)-6-quinolinyl]- 

4(3H)-quinazolinone 


41 






6-(4-chIorophenyl)-3-[2-(1- 
pyrrolldlnylmethyl)-6- 

quinolinyl]thieno[3,2-d]pyrlmidln- 
4(3H)-one 


42 






6-(4-chloroDhenvh-3-f2- 
(dimethylamlno)-l -[2- 
(dimethyIamlno)ethyl]-1 H- 
benzlmidazol-5-yl}threno[3,2- 
d]pyrlmldln-4(3H)-one 
trifluoroacetate 
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Example 
No. 


Staicture 


Name ^ 


43 


V 

-S-OH 

o 


6-(4-chlorophenyl)-3-{2- 
(climethylamino)-l -[4- 
(methvloxv^Dhpnvii-i h 

benzlmidazol-5-yl}thieno[3,2- 

d]pyrimidin-4(3H>-one 

methanesulfonate 


44 




6-(4-chlorophenyl)-3-(2- 
(dimethylamino)-l -{[4- 
(methyloxy)phenyl]methyl}-1 H- 
benzlmidazol-5-yl)thieno[3,2- 
d]pyrimidin-4(3H)-one 
hydrochloride 


45 




6-{4-chlorophenyl)-3-(1 -methyl- 
2,3-dihydro-1 H-imidazo[1 ,2- 
a]benzimidazol-7-yl)thieno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 


"46 


T • 


b-(4-chiorophenyl)-3-{2- 
(dimethylamlno)-l -[2- 
(methylamlno)ethyl]-1 H- 
benzimidazol-5-yl}thieno[3,2- 
d]pyrimfdin-4(3H)-one 
trifluoroacetate | 


47 




6-(4-chlorophenyl)-3-[2- 
(dimethylamino)-l -(2- 
plperidinylmethyl)-1 H- 

benzimidazol-5-yl]thleno[3,2- 

d]pyrimidln-4(3H)-one 

trifluoroacetate 


48 


F 1 


3-[1 -(2-aminoethyl)-2- 

(dimethylamino)-1 H- 

benzimidazol,-5-yl]-6-(4- 

chlorophenyl)thieno[3,2- 

d]pyrimldln-4(3H)-one 

trifluoroacetate 


49 


111 


3-[1-{2-[bis(1- 

f iieinyieinyi;aminojethyl}-2- 1 

;dimethylamino)-1H- 

benzimldazol-5-yl]-6-(4- 

chlorophenyl)thleno[3,2- 

d]pyrimidin-4(3H)-one 

lydrochloride 
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L^"^'® 1 structure 


Name 


50 




6-(4-chlorophenyl)-3-[2- 
(dimethvlaminoV"1 -^S-mornhniin- 
4-ylpropyl)-1 H-benzimlclazol-5- 
yl]thieno[3.2-d]pyrimidin-4(3H)- 
one trifluoroacetate 


51 




6-(4-chlorophenyl)-3-[2- 
(dimethylamino)-l -(3-DiDeridin-1 - 
ylpropyl)-1 H-benzimldazol-5- 
yl]thieno[3,2-d]pyrimldin-4(3H)- 
one trifluoroacetate 


52 




6-(4-chIorophenyl)-3-[2- 
(dimethvlaminoVI -r3-nvrmliriin-i _ 
ylpropyl)-1 H-benzimidazol-5- 
yl]thieno[3,2-d]pyrimidln"4(3H)- 
one trifluoroacetate 


53 




6-(4-chlorophenyl)-3-(2- 
(dimethvlaminoVI -Z*^- 

[ethyl(methyl)amjno]propyl}-1H- 
benzimidazol-5-yl)thieno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 


54 




tert-butyl {3-[5-[6-(4- 

chlorophenyl)-4-oxothleno[3,2- 

d]pyrimidln-3(4H)-yl]-2- 

(dimethylamino)-1 H- 

benzimidazol-1- 

yl]propyl}methylcarbamate 


55 


11 /'N 


6-(4-chlorophenyl)-3-{2- 
(dlmethvlaminoVI -FS- 
(methylamino)propyl]-1 H- 
benzimidazol-5-yl}thleno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 
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Example 
No. 


Structure 


Name 


56 


-S-OH ^ 

° s^jOcv< 


6-(4-chlorophenyl)-3-[2- 
(dimethylamino)-l -(3- 
methoxypropyl)-1 H- 
benzim!dazoI-5-yl]thieno[3,2- 
d]pyrimidin-4(3H)-one 
methanesulfonate 


57 


o 

II 


6-(4-chlorophenyl)-3-(1 -methyl- 
1 ,2,3,4-tetrahydropyrimido[1 ,2- 
a]benzimidazol-8-yl)thieno[3,2- 
d]pyrimidln-4(3H)-one 
methanesulfonate 




F O f^\^^ 


/>— 


D-^*j-cnioropnenyi}-o-(l -{3- 
[ethyl(methyl)amlno]propyl}-2- 
methyl-1 H-benzimidazol-5- 
yl)thieno[3,2-d]pyrimidin-4(3H)- 
one trifiuoroacetate 


59 


O 
II 


>- 

1 


6-(4-chlorophenyl)-3-{2-methyl-1- 
[3-(1 -pyrroliclinyl)propyl]-1 H- 
benzimidazol-5-yl}thieno[3,2- 
d]pyrimidin-4(3H)-one 
methanesulfonate 


60 




>— 


6-(4-chlorophenyl)-3-{2-methyl- 1 - 
[3-(4-morpholinyl)propyl]-1 H- 
benzimidazol-5-yl}thieno[3,2- 
d]pyrimidln-4(3H)-one 
trifiuoroacetate 


61 




^O'OH 


6-(4-chlorophenyl)-3-(1-{3-[(3S)- 
3-hydroxy-1 -pynfTolidinyl]propyl}- 
2-methyl-1 H-benzimidazol-5- 

yl)thieno[3.2-d]pyrimidin-4(3H)- 
one 


62 






6-(4-chlorophenvl)-3-f2-methvl-1 - 

[3-(4-methyl-1- 

plperazinyl)propyl]-1 H- 

benzimldazol-5-yl}thieno[3,2- 

d]pyrimidln-4(3H)-one 

trifiuoroacetate 
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Example 
No. 


Staicture 


Name 


63 


O 


methyl-1 -[2-(1 -pyrrolid[nyl)ethyl]- 
1H-benzimldazol-5-yl}thieno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 


64 


C) 


6-(4-chlorophenyl)-3-{2-methyM - 
[2-(4-morpholinyl)ethyl]-1 H- 
benzimidazol-5-yl}thieno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 


65 




6-(4-chlorophenyl)-3-[2- 
(dimethylamino)-1-propyl-1 H- 
benzimidazol-5-yl]thieno[3,2- 
d]pyrinnidin-4(3H)-one 
trifluoroacetate 


66 




6-(4-chlorophenyl)-3-[2- 

^ ri i mf^t hvl^i m i n o 1 

yviii 1 i^ii ly idi 1 III \\j ^- 1 —^o 

hydroxypropyl)-1 H-benzlmidazol- 
5-yl]thieno[3,2-d]pyrimidin-4(3H)- 
one trifluoroacetate (salt) 


67 


o 
II 


6-(4-chlorophenyl)-3-[2- 

fdlnriethvlaminn^-1-nrr»n\/l_'l M 
II 1 iwii ly icii 1 ill i\j y* 1 1^1 \ 1 I 

benzimidazol-6-yl]thieno[3,2- 

d]pyrimidin-4(3H)-one 

methanesulfonate 
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Example 
No. 


Structure 


Name 


68 


HO 


6-(4-chlorophenyl)-3-[2^ 
(dimethylamino)-l -(3- 
hydroxypropyl)-1 H-benzimidazol- 
6-yl]thieno[3,2-d]pyrimidin-4(3H)- 
one trifluoroacetate (salt) 


69 


O 


6-(4-chlorophenyl)-3-{2-methyl-3- 
[3-(1 -pyrrolidinyl)propyl]-3H- 
imidazo[4,5-b]pyridin-6- 
yl}thieno[3,2-d]pyrimldln-4(3H)- 
one trifluoroacetate 


70 


— ^ ^'^N 


o-^H-i luuropnenyi j-o-\^-nrietnyi-i - 
[3-(4-morpholjnyl)propyl]-1 H- 
ben2imidazol-5-yl}thieno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 


71 


OH 


6-(4-chlorophenyl)-3-[2- 
(dimethyiamino)-! -(2- 
hydroxyethyl)-1 H-benzimidazol- 
5-yl]thieno[3,2-d]pyrimldin-4(3H)- 
one 


72 




6-(4-chlorophenyl)-3-[2- 
(dimethylamino)-l -(2- 
hydroxyethyl)-1 H-benzimidazol- 
6-yl]thleno[3.2-d]pyrimidin-4(3H)- 
one trifluoroacetate 


73 




6-(4-chlorophenyl)-3-{2- 
(dlmethylamino)-l -[2- 
(methyloxy)etliyl]-1 H- 
benzimidazol-6-yl}thleno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 
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Example 
No. 


Stmcture 


Name 


74 




6-(4-chIorophenyl)-3-{1 -[2-(4^ 
morpholinyl)ethyl]-1 H- 
ben2imldazol-5-yl}thieno(3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 


75 


F H 


6-(4-chlorophenyl)-3-[2- 
(dimethylamino)-1 H- 
benzimldazol-5-yl]thieno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 


76 


O 

^ s A JL JC 


3-(2-amino-1 -phenyl-1 H- 

benzlmidazol-5-yl)-6-(4- 

chlorophenyl)thleno[3,2- 

d]pyrimldln-4(3H)-one 

trifluoroacetate 


77 




6-(4-chlorophenyl)-3-[2-(4- 
morpholinyl)-1 H-benzlmldazol-5- 
yl]thieno[3,2-d]pyrimldin-4(3H)- 
one trifluoroacetate 


78 


1 


6-(4-chlorophenyl)-3-[2-(4- 
methyl-1-piperazinyl)-1 H- 
benzimidazol-5-yl]thieno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 
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Example 
No. 


Structure 


Name 


79 




6-(4-chlorophenyl)-3-[2-(1 - 
piperidinyl)-! H-benzimidazol-5- 
yl]thieno[3,2-d]pyrlmidin-4(3H)- 
one trifiuoroacetate 


80 


f H 


3-(2-amino-1 H-benzimidazol-5- 
yl)-6-(4-chlorophenyl)thieno[3,2- 
d]pyrimidin-4(3H)-one 
trifiuoroacetate 


81 




6-(4-chlorophenyl)-3-[2- 
(methylamlno)-l H-benzimidazol- 
5-yl]thieno[3,2-d]pyrimldin-4(3H)- 
one trifiuoroacetate 


82 


— ^ 


6-(4-chlorophenyl)-3-[2- 
(dimethylamino)-l-methyl-l H- 
benzimidazol-5-yl]thieno[3,2- 
d]pyrimidin-4(3H)-one 
trifiuoroacetate 


83 




6-(4-chlorophenyl)-3-{2-[(1 - 

methylethyl)amino]-1 H- 

u tj 1 izi 17 1 lu ozo 1 ~o-y i/in lenoi^o,^- 

d]pyrimidin-4(3H)-one 

trifiuoroacetate 
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1 Example 
1 No. 


Structure 


Name 


84 




6-(4-chlorophenyl)-3-[2- 
(methylamino)-1 -phenyl-1 H- 
benzlmidazol-5-yl]thleno[3,2- 
d]pyrimidln-4(3H)-one 
trifluoroacetate 


85 




6-(4-chlorophenyl)-3-[2- 
(dimethylamino)-1-phenyl-1 H- 
benzimidazol-5-yl]thieno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 


86 


1 

N 


6-(4-chlorophenyl)-3-[2-(1 - 
pyrrolidinyl)-1H-benzimidazol-5- 
yl]thieno[3.2-d]pyrimidln-4(3H)- 
one trifluoroacetate 


87 




6-(4-chlorophenyl)-3-[2- 
(cyclopropylamino)-1 H- 
benzimidazol-5-yllthieno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 


88 


F H \ 


6-(4-chlorophenyl)-3-{2- 
[(dimethylamlno)methylj-l H- 

d]pyrimidin-4(3H)-one 
trifluoroacetate 
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1 Example 
1 No. 


Structure 


Name 


89 


1 

— / 


6-(4-chlorophenyl)-3-[1-methyl-2- 
(1 -pyrrolidinyl)-1 H-benzimidazol- 
5-yl]thieno[3,2-d]pyrimidin-4(3H)- 
one trifluoroacetate 


90 


o 

1 

^ — ^"^N 


6-(4-chlorophenyl)-3-[1-methyl-2- 
(1-pyrrolidinyI)-1 H-benzimidazol- 
6-yl]thieno[3,2-d]pyrimidin-4(3H)- 
one trifluoroacetate 


91 




6-(4-chlorophenyl)-3-{2- 
(methylamino)-l -[3- 
(methyloxy)propyl]-1 H- 
uts 1 1^1 miu aioi-o-y i^in iGno[o 
d]pyrimic!ln-4(3H)-one 
trifluoroacetate 


92 


OH 


6-(4-chlorophenyl)-3-(2-{[2- 
^iTieinyioxy^einyijarnino/- 1 ri- 
benzimiclazol-5-yl)thieno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 


93 




6-(4-chlorophenyl)-3-{2- 
(methylamino)-l "[2-(4- 
morpholinyl)ethyl]-1 H- 
ben2imidazoI-5-yl}thieno[3,2- 
d]pyrlmidin-4(3H)-one 
trifluoroacetate 
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Example 
No. 


Structure 


Name 


94 


o 

> 


6-(4-chIorophenyl)-3-{2- 
(dlmethylaminoH -[2-(4- 
morpholinyl)ethyl]-1 H- 
benzimidazol-5-yl}thlenor3 2- 
d]pyrimidin-4(3H)-one 


95 




6-(4-chlorophenyl)-3-{2-[(3S)-3- 
hydroxv-l-ovrroliriinvn-i m<3tK\/i 

1H-benzjmldazol-6-yl}thieno[3,2- 
d]pyrimldin-4{3H)-one 
trifluoroacetate (salt) 


96 


OH OH 

o=|=o o=|=o 


3-[2-(dimethylamino)-1 -methyl- 
1 H-benzimidazol-6-yl]-6-(4- 
Tiuoropnenyi)tnieno[3,2- 
d]pyrimidin-4(3H)-one 
dimethanesuffonate 


97 


i °" o 


6-(4-chlorophenyl)-3-(1 -methyl-2- 
{methyl[2-(1- 

pyrrolidinyl)ethyl]amino}-1 H- 
benzimidazol-6-yl)thleno[3,2- 
d]pyrimidin-4(3H)-one 
trifluoroacetate 


"98 


T / 

N 


6-(4-chlorophenyl)-3-(1 -methyl-2- 
{methyir2-(1- 

pyrrolidlnyl)ethyl]amino)-1 H- 
benzimidazol-5-yl)thieno[3,2- 
d]pyrimidln-4(3H)-one 
trifluoroacetate 
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Example 
No. 


1 Structure 


Name " 


99 


1 Cj,H = 

o=s=o 


6-(^-cniorophenyl)-3-(2- 
{methvir2-(1- 

pyiTolidinyl)ethyl]amino}-1 H- 
benzimidazol-5-yl)thieno[3,2- 
d]pyrimidin-4(3H)-one 
methanesulfonate 


ioa 


If 

-|-OH 


6-(4-chlorophenyl)-3-{2- 
(dimethylamino)-l -[2- 
(dimethylamino)ethyl]-1 H- 
benzimidazol-6-yl}thienor3.2- 
d]pyrimidin-4(3H)-one 
methanesulfonate 


101 


II — S-OH 

o 


6-(4-chlorophenyl)-3-(1 -methyl-2- 
{methyl(2- 

^meinyioxy;ethyijamino}-tH- 
benzimidazol-5-yl)thieno[3.2- 
d]pyrimidin-4(3H)-one 
dimethanesulfonate 


102 


— S-OH g 

o 


6-(4-chlorophenyl)-3-{2-[(3- 
hydroxypropyl)(methyl)amino]-1- 
methyl-1 H-benzimidazol-5- 
yl}thieno[3.2-d]pyrimidln-4(3H)- 
one dimethanesulfonate 


103 




6-(4-chlorophenyl)-3-(2-{[4-(4- 
fIuorophenyl)piperldin-1 - 
yl]methyl}quinolln-6-yl)thieno[3,2- 
d]pyrlmidin-4(3H)-one 


104 




6-{4-chlorophenyl)-3-[2-({4-[4- 

(trifluoromethyl)phenyl]piperidin- 

1 -yl}methyl)qulnolin-6- 

yl]thieno[3,2-d]pyrimldln-4(3H)- 
one 
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1 Example 
No. 


Structure 


iName 


105 


o 

NT 


CCr 




6-(4-chlorophenyi)-3-[2- 

(piperlclin-1-ylmethyl)quinolin-6- 

yl]thieno[3,2-d]pyrimidln-4(3H)- 
one 


106 


^1 ^ y . 11'''''''''^^^ 






6-(4-chlorophenyl)-3-[2- 
(piperidin-1-ylmethyl)-1- 
benzothien-5-yl]thieno[3,2- 
d]pyrimidin-4(3H)-one 


107 






6-(4-chlorophenyI)-3-[2- 
(morpholin-4-ylmethyl)-1 - 
benzothlen-5-yl]thieno[3,2- 
d]pyrimidin-4(3H)-one 


108 




D 


6-(4-chlorophenyl)-3-{2-[(4- 
phenylpiperidin-1 -yl)methyQ-1 - 
benzothlen-5-yl}thieno[3,2- 
d]pyrimidin-4(3H)-one 


109 


9 




D 


6-(4-chlorophenyl)-3-{2-[(4- 
phenylpiperazin-1-yl)methyl]-1 - 
benzothlen-5-yl}thieno[3,2- 
d]pyrimidin-4(3H)-one 


110 








6-(4-chlorophenyl)-3-{2- 
[(dimethylamino)methyl]-1 - 
benzothien-5-yl}thieno[3,2- 
d]pyrimidin-4(3H)-one 


111 




6-(4-chlorophenyl)-3-{2-[(4- 
methylpiperazin-1 -yl)methyl3-1 - 
benzothien-5-yl}thieno[3,2- 
d]pyrimldin-4(3H)-one 


112 


Q 




\~.iiOH 


6-(4-chlorophenyl)-3-(2-{[(3R)-3- 
hydroxypyrrolldln-1 -yl]methyl>-1 - 
benzothien-5-yl)thieno[3.2- 
d]pyrimidin-4(3H)-one 


113 






6-(4-chlorophenyl)-3-[6- 
(pyrrolldin-1 -ylmethyl)-2- 

naphthyl]thieno[3,2-d]pyrimidin- 
4(3H)-one 
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j Example 
1 No. 


Structure 


Name 


114 




6-(4-chlorophenyl)-3-{6- 
[(dlmethylamlno)methyl]-2- 
naphthalenyl}thieno[3,2- 
d]pyrimicIin-4(3H)-one 


115 


O 


6-(4-chlorophenyl)-3-[6-(1- 
pyrrolfdinyImethyl)-2- 
naphthalenyl]thieno(3,2- 
d]pyrimidin-4(3H)-one maleate 
salt 


116 


o 


6-(4-chlorophenyl)-3-{1 -[2-(1 - 
pyrrolidinyl)ethylj-l H- 
benzimidazol-5-yi}thieno[3.2- 
o(|pyrimidin-4(3H)-one 


117 




6-(4-chlorophenyl)-3-(2-{[2-(1 - 
pyrrolidinyI)ethyl]amino}-1 H- 
benzlmidazol-5-yl)thieno[3,2- 
c(]pyrimidin-4(3H)-one 


118 




u-^*+~uf iiuropnenyi /-o-^^,o- 
dihydro-1 H-imidazo[1 ,2- 
a]benzimidazol-7-yl)thieno[3,2- 
c/|pyrlinidin-4(3AV)-one 



It will be appreciated by those skilled In the art that the compounds of 
the present invention may also be utilized in the form of a pharmaceutically 
acceptable salt or solvate or physiologically functional derivative thereof (e.g., 
5 a prodrug). The pharmaceutically acceptable salts of the compounds of 
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formula (I) include conventional salts formed from pharmaceutically 
acceptable inorganic or organic acids or bases as well as quaternary 
ammonium salts. More specific examples of suitable acid salts include 
maleic, hydrochloric, hydrobromic. sulfuric, phosphoric, nitric, perchloric, 
fumaric. acetic, propionic, succinic, glycolic. formic, lactic, aleic. tartaric, citric, 
palmoic, malonic. hydroxymaleic, phenylacetic. glutamic, benzoic, salicylic, 
fumaric, toluenesulfonic. methanesulfonic (mesylate), naphthaliene-2-sulfonic. 
benzenesulfonic. hydroxynaphthoic, hydroiodic, malic, steroic, tannic, and the 
like. 

Other acids such as oxalic, while not in themselves pharmaceutically 
acceptable, may be useful in the preparation of salts useful as intermediates 
in obtaining the compounds of the invention and their phamiaceutically 
acceptable salts. More specific examples of suitable basic salts include 
sodium, lithium, potassium, magnesium, aluminum, calcium, zinc. N.N'- 
dibenzylethylenediamine, chloroprocaine, choline, diethanolamine, 
ethylenediamine, N-methylglucamine and procaine salts. 

The tenn "solvate" as used herein refers to a complex of variable 
stoichiometry formed by a solute (a compound of formula (I)) and a solvent. 
Solvents, byway of example, include water, methanol, ethanol, and acetic 
acid. 

The temi "physiologically functional derivative" as used herein refers to 
any phamnaceutically acceptable derivative of a compound of the present 
invention, for example, a ester or an amide of a compound of fomiula (I), 
which upon administration to an animal, particulariy a mammal, such as a 
human, is capable of providing (directly or indirectly) a compound of the 
present invention or an active metabolite thereof. See, for example. Burger's 
Medicinal Chemistry and Drug Discovery, s"' Edition. Vol. 1: Principles and 
Practice. 

Processes for preparing pharmaceutically salts, solvates, and 
physiologically functional derivatives of the compounds of fomiula (I) are 
conventional in the art. See, e.g., Burger's Medicinal Chemistry and Drug 
Discovery.s"" Edition, Vol.1: Principles and Practice. 
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Compounds of formula (I) below are conveniently prepared in 
accordance with the reaction schemes and/or processes outlined or described 
herein. 




mr (I) 

5 As will be apparent to those skilled in the art, in the processes 

described below for the preparation of compounds of formula (I), certain 
intermediates, may be in the forni of pharmaceutically salts, solvates or 
physiologically functional derivatives of the compound. With respect to any 
intermediate employed in the process of preparing compounds of formula (I), 

10 the terms or identifiers have the same meanings as noted above with respect 
to compounds of formula (I). In general, processes for preparing 
pharmaceutically acceptable salts, solvates and physiologically functional 
derivatives of intermediates are known, and the process for preparing 
pharmaceutically acceptable salts, solvates and physiological functional 

1 5 derivatives of the compounds of formula (I) are similar and set forth below. 

Unless otherwise stated, ® , r^, r^, r^, r2^ r\ Ar, Y, Q\ Q^, Q^, q, r, s, 
and t are as defined in formula (I) for all of the processes enumerated herein. 

Thus, compounds of formula (I) wherein R^ is H may be prepared by 
reaction of an aniline of formula (II) with a formamidfne ester of formula (III) 
20 wherein R is C1-4 alkyl. 
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Compounds of formula (I) can also be prepared by an amide coupling 
of the corresponding amino acid (IV) and the desired aniline (II) In a solvent, 
such as methylene chloride, with amide coupling agents such as EDCI (1-[3- 
(dimethylamino)propyll-3-ethylcarbodiimlde hydrochloride), followed by 
cyclization in refluxing carboxylic acids, such as fomnlc acid. 




(R*)r (I) 



Compounds of fomnula (I) may also be prepared by reaction of a 
compound of formula (Va) 




(R'')r (Va) 
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with a compound capable of introducing the group and T is a leaving 
group (e.g., chloro, bromo, iodo, and triflate (-OSO2CF3)). 
\ Thus compounds of formula (I) may be prepared from the compound of 

fonnula (Va) with a boronic acid and a palladium catalyst using a Suzuki 
5 coupling reaction or with an organostannane reagent and a palladium catalyst 
using a Stille coupling reaction. 

Compounds of formula (I) may also be prepared by reaction of an 
amino ester of fonmula (III) wherein R is alkyi with an aniline of formula (11) 
in a solvent such as dichloromethane or 1 ,2-dichloroethane in the presence of 
10 trimethylaluminum to produce a compound of fonmula (Vb) and cyciizing said 
compound of formula (Vb). 




AI(CH3)3 




15 



Compounds of formula (I) wherein is hydrogen may also be 
prepared by reaction of a sulfur-containing compound such as (VI) with a 
reductant, such as Raney Nickel, in a solvent such as ethanoL 



WO2004/W21.1 PCT/nS2004/01(Hl. 

(0 

Compounds of fbrmufa (II) may be prepared by reduction of the 
con«sponding nitroanomatic (VII) using hydrogen and a catalyst (e.g.. 10% Pd 
5 on carbon), stannous chloride, or sodium dithionite. 

Compounds of formula Vllc wherein Y Is CH2 can be prepared from a 
) ^ compound (Vila) and an amine (Vllb) and T is a leaving group (e.g.. CI. Br. I 
mesylate, and tosylate). 

0,N-Ar-Y-T . . 0,N-Ar-Y-N^''^ 

(Vila) 

(Vllb) (Vllc) 



Altematlvely. compounds of this type can be made by reductive 
aminatlon of an aldehyde of formula (VIII) by an amine of fomiula (Vllb) in the 
presence of a reducing agent such as a sodium borohydride. 

0,N-Ar-Y-CHO . ^ 0,N-Ar-Y-N^''^ 

(VIII) V/ 
(Vllb) 
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Compounds of formula (VIII) In which Y Is a bond can be prepared by 
reaction of a compound of formula (IX) (in which Y Is a bond) with an oxidant 
such as selenium dioxide in a solvent such as dioxane. 

OgN— Ar-Y— CH3 »r OgN-Ar-Y— CHO 

(IX) (VIII) 

Compounds of formula Vllc can be prepared from a compound (Vila) 
and an amine (Vllb) in which T is a leaving group. 



OgN-Ar-Y-T + HN^ ^ ) O^N-Ar-Y-N ) 



(Vila) 

(Vllb) 



(Vllc) 



Compounds of fomriula (II) can be prepared from a compound (IX) and 
an amine (Vllb) in which T is a leaving group. 

H2N-Ar-Y-T + HH^ ) HgN-Ar-Y-N ) 

(11) 



(IX) 



(Vllb) 



In the present Invention, the compounds of formula (I) are believed to 
have a role in the treatment of depression, anxiety, obesity and/or diabetes. 
Compounds of the present invention are antagonists of a MCHR1 and can be 
used for the treatment of a disease caused by or attributable to a melanin- 
concentrating honnone. Compounds of the invention may reduce hunger, 
suppress appetite, control eating, and/or induce satiety. 

The present invention provides methods for the treatment of several 
conditions or diseases such as obesity, diabetes, depression (eg., major 
depression and/or bipolar disorder), and/or anxiety. Such treatment 
comprises the step of administering a therapeutically effective amount of the 
compound of fbnmula (I), including a salt, solvate, or physiologically functional 
derivative thereof to a mammal, preferably a human. Such treatment can also 
comprise the step of administering a therapeutically effective amount of a 
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pharmaceutical composition containing a compound of formula (I), including a 
salt, solvate, or physiologically functional derivative thereof to a mammal, 
preferably a human. As used herein, the term "treatment" refers to alleviating 
the specified cond'rtion, eliminating or reducing one or more symptoms of the 
5 condition, slowing or eliminating the progression of the condition, and 
preventing or delaying the reoccunrence of the condition in a previously 
afflicted or diagnosed patient or subject. 

As used herein, the term 'therapeutically effective amount" means an 
amount of a compound of formula (I) which is sufficient, in the subject to 

1 0 which it is administered, to elicit the biological or medical response of a cell 
culture, tissue, system, animal (including human) that is being sought, for 
instance, by a researcher or clinician. 

The precise therapeutically effective amount of the compounds of 
formula (I) will depend on a number of factors including, but not limited to, the 

1 5 age and weight of the subject being treated, the precise disorder requiring 
treatment and its severity, the nature of the fomiulation, and the route of 
administration, and will ultimately be at the discretion of the attendant 
physician or veterinarian. Typically, the compound of formula (I) will be given 
for treatment in the range of about 0.1 to about 200 mg/kg body weight of 

20 recipient (animal) per day and more usually in the range of about 1 to about 
100 mg/kg body weight per day. In general, acceptable dally dosages, may 
be from about 0.1 to about 5000 mg/day, and preferably from about 0.1 to 
about 2000 mg/day. Unit doses will nonnally be administered once or more 
than once per day, preferably about 1 to about 4 times per day. 

25 The administration of compounds of the invention to an animal, 

particularly a mammal such as a human, may be by way of oral (including 
sub-lingual), parenteral, nasal, rectal or transdermal administration. 
Preferably oral administration is employed. 

While it is possible that, for use in therapy, a therapeutically effective 

30 amount of a compound of formula (I) may be administered as the raw 

chemical, It is typically presented as the active ingredient of a pharmaceutical 
composition or fomnulation. Accordingly, the invention further provides a 
pharmaceutical composition comprising a compound of formula (I). The 
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pharmaceutical composition may further comprise one or more 
pharmaceutlcally acceptable earners, diluents, and/or exdpients. The 
carrier(s). dHuent(s). and/or excipient(s) must be acceptable In the sense of 
being compatible with the other ingredients of the formulation and not 
deleterious to the recipient thereof. 

In accordance with another aspect of the invention there is also 
provided a process for the preparation of a pharmaceutical fomiulation 
including admixing a compound of fonnula (I) with one or more 
phamnaceutically acceptable carriers, diluents, and /or excipients. 

Phamnaceutical fomiulatlons may be presented in unit dose form 
containing a predetermined amount of active ingredient per unit dose. Such a 
unit may contain a therapeutically effective dose of the compound of fonnula 
(I) or a fraction of a therapeutically effective dose such that multiple unit 
dosage fomns might be administered at a given time to achieve the desired 
therapeutically effective dose. Preferred unit dosage fomiulatlons are those 
containing a daily dose or sub-dose, as herein above recited, or an 
appropriate fraction thereof, of an active Ingredient. Furthermore, such 
pharmaceutical formulations may be prepared by any of the methods well 
known in the pharmacy art. 

Phamnaceutical formulations may be adapted for administration by any 
appropriate route, for example, by the oral (Including buccal or sublingual), 
rectal, nasal, topical (Including buccal, sublingual, or transdermal), vaginal or 
parenteral (including subcutaneous. Intramuscular, intravenous or 
intrademial) route. Such formulations may be prepared by any method l<nown 
In the art of pharmacy, for example, by bringing into association the active 
ingredient with the carrier(s), diluent(s). and/or excipient(s). 

Pharmaceutical formulations adapted for oral administration may be 
presented as discrete units such as capsules (including soft gelatin capsules, 
hard gelatin capsules, and capsules made from other polymers such as 
hydroxypropylmethylcellulose) or tablets; powders or granules; solutions, 
emulsions, or suspensions in aqueous or non-aqueous liquids; edible foams 
or whips; or oil-in-water liquid emulsions or water-in-oil emulsions. For 
instance, for oral administration in the form of a tablet or capsule (e.g., hard. 
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soft, elastic, gelatinous and/or non-gelatinous), the active drug component 
can be combined witii an oral, non-toxic pharmaceutically acceptable Inert 
carrier such as ethanol, glycerol, water, and the like. Powders are prepared 
by comminuting the compound to a suitable fine size and mixing with a 
5 similarly comminuted pharmaceutical carrier such as an edible carbohydrate, 
as, for example, starch or mannitol. Flavoring, preservative, opaque, 
dispersing and coloring agent or dye can also be present. 

Capsules are made by preparing a powder mixture as described 
above, and filling formed gelatin and/or non-gelatinous sheaths. Glidants and 

10 lubricants, such as colloidal silica, talc, magnesium stearate, calcium stearate 
or solid polyethylene glycol can be added to the powder mixture before the 
filling operation. A disintegrating or solubilizing agent such as agar-agar, 
calcium carbonate or sodium carbonate can also be added to improve the 
availability of the medicament when the capsule is ingested. 

1 5 Moreover, when desired or necessary, suitable binders, lubricants, 

disintegrating agents and coloring agents can also be incorporated into the 
mixture. Suitable binders include starch, gelatin, natural sugars such as 
glucose or beta-lactose, corn sweeteners, natural and synthetic gums such as 
acacia, tragacanth or sodium alginate, cellulosic polymers (e.g., hydrogels 

20 (HPMC, HFC, PVA), and the like), carboxymethylcellulose, polyethylene 
glycol, waxes, polyvinylpyrrolidone, and the like. Lubricants used in these 
dosage forms include sodium oleate, sodium stearate. magnesium stearate, 
sodium benzoate, sodium acetate, sodium chloride and the like. 
Disintegrators (disintegrants) include, without limitation, starch, methyl 

25 cellulose, agar, bentonite. xanthan gum, and the like. Tablets are formulated, 
for example, by preparing a powder mixture, granulating or slugging, adding a 
lubricant and disintegrant and pressing into tablets. A powder mixture is 
prepared by mixing the compound, suitably comminuted, with a diluent or 
base as described above, and optionally, with a binder such as 

30 cartsoxymethylcellulose, an aliginate, gelatin, or polyvinyl pyrrolidone, a 
solution retardant such as paraffin, a resorption accelerator such as a 
quaternary salt and/or an absorption agent such as bentonite, kaolin or 
dicalcium phosphate. The powder mixture can be granuated by wetting with a 
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binder such as a syrup, starch paste, acadia mucilage or solutions of 
cellulosic or polymeric materials and forcing through a screen. As an 
alternative to granulating, the powder mixture can be run through the tablet 
machine and the result is imperfectly formed slugs broken Into granules. The 
granules can be lubricated to prevent sticking to the tablet forming dies by 
means of the addition of stearic acid, a stearate salt, talc or mineral oil. The 
lubricated mixture is then compressed into tablets. The compounds of the 
present invention can also be combined with a free flowing Inert carrier and 
compressed into tablets directly without going through the granulating or 
slugging steps. A clear or opaque protective coating consisting of a sealing 
coat of shellac, a coating of sugar or polymeric material (e.g., HPMC) and a 
polish coating of wax can be provided. Dyestuffs can be added to these 
coatings to distinguish different unit dosages. 

The drug may be dissolved or dispersed In a volatile liquW such as 
water or ethanol and sprayed onto nonpareil beads. A binder such as 
sucrose, polyvinylpyrollldone. hydroxypropylmethylcellulose, or the like may 
be used. After at least one coating, protective coat(s) of a polymer such as 
hydroxypropylmethylcellulose may be applied and/or a sustained or delayed 
release coating(s) may be applied. Such coated beads may optionally be 
compressed into tablets or filled into capsules. 

Oral fluids such as solution, syrups and elixirs can be prepared In 
dosage unit fomi so that a given quantity contains a predetermined amount of 
active ingredient. Syrups can be prepared by dissolving the compound in a 
suitably flavored aqueous solution, while elixirs are prepared through the use 
of a non-toxic alcoholic vehicle. Suspensions can be formulated by dispersing 
the compound in a non-toxic vehicle. Solubilizers and emulsifiers such as 
ethoxylated Isostearyl alcohols and polyoxy ethylene sorbitol ethers, 
preservatives, flavor additive such as peppemiint oil or natural sweeteners or 
saccharin or other artificial sweeteners, and the like can also be added. 

Where appropriate, dosage unit formulations for oral administration can 
be microencapsulated. The formulation can also be prepared to prolong or 
sustain the release as for example by coating or embedding particulate 
material in polymers, wax. or the like. The compound of formula (I) can also 
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be incorporated into a candy, a wafer, and/or tongue tape formulation for 
administration as a "quicl^-dissolve" medicament. Oral dosage forms may be 
taken with or without water. 

Additionally, the present invention comprises a compound of formula (I) 
in combination with at least one other species selected from the group 
consisting of at least one agent or drug for treating obesity, diabetes (e.g., 
rosiglitazone and/or metformin), hypertension, and arteriosclerosis, in. 
particular, a compound of fomnula (I) may be combined with at least one 
species for the treatment of obesity selected from the group of human ciliary 
neurotrophic factor, a CB-1 antagonist or inverse agonist (such as 
rimonabant). a neurotransmitter reuptal^e inhibitor (such as sibutramine, 
bupropion, or bupropion HCI). a lipase inhibitor (such as orlistat). an MC4R 
agonist, a 5-HT2c agonist, and a ghrelin receptor agonist or antagonist. 

Also, the invention can be the use of a compound of formula (I) for the 
manufacture of a medicine (that is, medicament) for the treatment of a 
condition selected from the group consisting of obesity, diabetes, depression, 
and anxiety in a mammal. 

The following examples are Intended for illustration only and are not 
intended to limit the scope of the invention in any way. the invention being 
defined by the claims which follow. All references cited in this specification 
are hereby incorporated by reference. 

Reagents are commercially available or are prepared according to 
procedures in the literature. 

Experimental Section 



(4.chlorophenyl)-3-{2-[(dlmethylamino)methylJqumolin-6-yl>thleno[3,2- 

oqpyrimidin-4(3/^.one 



Example 1 
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O 




O 

Step A: 6-nitroquinorme-2-carbaldehyde 

5 To a hot solution of selenium dioxide (41 .6 g, 375 nnmol) in dioxane (1 85 mL) 
and water (35 mL) was added 2-metliyl-6-nitroquinoline (47.0 g, 250 mmol). 
The mixture was refluxed for 30 minutes. The selenium black was filtered off 
and the filtrate was concentrated by rotary evaporation. The resulting solid 
was filtered, washed with a saturated solution of sodium bicarbonate and then 
10 water, and dried to give the product as a tan solid (44.8 g, 89%). NMR 

(300 MHz, DMSO-de) 6 10.17 (s, 1 H), 9.21 (d. J = 2.6 Hz, 1H), 8.97 (d, J = 8.5 
Hz, 1H), 8.59 (dd, J = 2.6 Hz. J' = 9.2 Hz, 1H), 8.44 (d, J = 9.2 Hz, 1H), 8.16 
(d, J = 8.5Hz, 1H). 




15 o 

Step B: A/,A/-dimethyl-1-(6-nitroquinolin-2-yl)methanamine 

To a solution of 6-nitroquinoline-2-carbaldehyde (the intermediate produced in 
Example 1, Step A; 44.8 g. 221 mmol) in dichloroethane (800 mL) and 

20 methanol (320 mL) was added dimethylamine (221 mL, 442 mmol, 2 M in 
THF) and acetic acid (13.3 g. 221 mmol). The mixture was stirred at room 
temperarture for 20 min at which point sodium triacetoxyborohydride (65.6 g, 
309 mmol) was added In 3 portions with vigorous mechanical stirring. The 
reaction mixture was stinred overnight. To the reaction mixture was added 

25 saturated sodium bicarbonate solution (300 mL) and the mixture was 

extracted with dichloromethane (2 x 400 mL). The organic layer was filtered 
through Celite. The filtrate was washed with brine (200 mL), dried and 
concentrated to give a tan solid (41.1 g, 80% yield). ^H NMR (300 MHz, 
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DMSO-de) 6 9.05 (d, J = 2Hz). 8.67 (d. J = 9.6 Hz, 1H). 8.43 (dd, J = 2.2 Hz. J' 
= 12.3 Hz). 8.17 (d. J = 9.2 Hz. 1H). 7.82 (d, J = 8.6 Hz. 1H), 3.75 (s, 2H). 
2.24 (2. 6H). 



/V,A/-Dimethyl(6-nltro-2-quinoIinyl)methanamine (the intermediate produced in 
Example 1, Step B; 365 mg, 1.58 mmol) was dissolved in EtOH. A catalytic 
10 amount of Pd/C was added. The mixture was degassed and was stirred 
under 1 atm H2 for 5 h. The mix was filtered through celite and the solvents 
were removed to give the desired intermediate (290 mg, 91%). ^H NMR 
(CDCI3): 6 2.30 (6H, s). 3.68 (2H. s). 6.87 (1H, m), 7.11 (1, m), 7.15 (1H. s), 
7.43 (1 H. d. J = 8.8 Hz). 7.86 (1 H, m). LCMS m/z = 202 (m + H*). 



20 A mixture of methyl 3-amlno-5-(4-chlorophenyl)-2-thiophenecarboxylate (37.3 
mmol, 10.0 g) and N,N-dimethylformamide dimethyl acetal (74.7 mmol, 8.9 g) 
in ethanol (350 mL) was heated to reflux for 3 hours. The solvent was 
removed by rotary evaporation. To the residue 15 mL of toluene was added 
and the solvent was removed by rotary evaporation. This was repeated three 

25 times. To the resulting sticky residue, 20 mL hexanes were added followed by 
the gradual addition of ethyl acetate at 0°C until it solidified. The resulting solid 
was collected by filtration giving the desired intermediate (1 1 .9 g, 98.9%). ^H 



5 




Step C: 2-[(dimethylamino)methyl]-6-quinolinamine 



15 




Step D: methyl 5-(4-chlorophenyl)-3-{[(E)- 
(dimethylamino)methylidene]amino}-2-thiophenecarboxylate 
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NMR (CDCI3): 6 3.08 (6H, d, J = 6.5 Hz), 3.81 (3H, s). 6.98 (1 H, s), 7.35 (2H, 
d, J = 8.6 Hz), 7.53 (2H, d. J = 8.6 Hz), 7.69 (1H, s). LCMS m/z = 323 (m + 
H-). 




Step E: 6-(4-<;hlorophenyl)-3-{2-[(dimethylamino)methyl]quinolin-6- 
yl}thieno[3,2-c(lpyrimidin-4(3H)-one 

A 2 M solution of AIMea in hexanes (0.96 mL, 1 .92 mmol) was added slowly to 
a solution of 2-[(dimethylamino)methyl]quinolin-6-amine (the intermediate 
produced in Example 1, Step C; 0.34 g, 1.69 mmol) in dichloroethane (6 mL) 
at room temperature under N2. After 15 min, a solution of methyl 5-(4- 
chlorophenyl)-3-{[(1E)-(dimethylamino)methylidene]amino}thiophene-2- 
carboxylate (the intermediate produced in Example 1, Step D; 0.50 g, 1.54 
mmol) in dichloroethane (3 mL) was added and stirred at room temperature 
for 0.5 h. The solution was heated to reflux for 3 h then cooled to room 
temperature. Formic acid (6 mL) was added carefully and the mixture was 
heated to reflux for 4 h. Upon cooling to room temperature, an aqueous 1 N 
NaOH solution (50 mL) was added followed by CH2CI2 (400 mL) and water 
(300 mL). The organic layer was separated, dried over MgS04t filtered and 
concentrated to give 6-(4-chlorophenyl)-3-{2-[(dimethyIamino)methyl]quinolin- 
6-yl}thieno[3,2-(/lpyrimidin-4(3H)-one (the title compound) as a tan solid (0.79 
g) with ca. 85% purity. The solid was partially dissolved in hot CHCI3 (20 mL), 
filtered, and concentrated. The resulting solid was dissolved in CHCI3 (15 mL) 
and then EtaO (25 mL) was added which produced a white precipitate. The 
solid was filtered and dried under vacuum to give 6-(4-chlorophenyl)-3-{2- 
[(dimethylamino)methyl]quinolin-6-yl}thieno[3,2-c/lpyrimidin-4(3/-/)-one (the title 
compound) as a white powder (0.33 g, 48%). The remaining impure material 
was subsequently purified in the same manner as described above to yield an 
additional 0.10 g of the title compound (63% overall yield). '^H NMR (400 
MHz, CDCI3) 6 8.26 (d, J = 7.9 Hz, 1H), 8.25 (s, 1H), 8.21 (d, J = 8.2 Hz, 1H), 
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7.91 (d. J = 2.3 Hz. 1H), 7.76 (dd. J = 2.4. 9.0 Hz, 1H). 7.72 (d. J = 8.4 Hz. 
1 H), 7.68 (d. J = 8.8 Hz. 2H). 7.57 (s. 1 H). 7.46 (d. J = 8.8 Hz. 2H), 3.83 (s. 
2H). 2.37 (s, 6H). EI-LCMS m/z 447 (M+H). 



Example 2 




6-(4-chlorophenyl)-3^2-[(4-phenylpiperidin-1-yl)methyl]quinolin-6- 
yl}thieno[3^-oqpyrimidin-4(3/^K>ne 




Step A: 2-(bromomethyl)-6-nitroquinoline 

A solution of 2-methyl-6-nitroqulnoline (3.0 g, 15.9 mmol) and N- 
bromosucclnimide (3.11 g. 17.49 mmol) in 36 mL chlorofomi in a pyrex round 

1 5 bottomed flask was stirred in the presence of a UV lamp at 40 °C for 2 d . 
After cooling, the mixture was washed with aqueous sodium bicarbonate 
solution. The aqueous layer was extracted with dichloromethane and the 
combined organic layers dried over sodium sulfate. Concentration followed by 
column chromatography on silica gel using hexanerethyl acetate 7:3 afforded 

20 2-(bromomethyl)-6-nitroquinoline as pale yellow solid (2.67 g, 63%). ^H NMR 
(300 MHz, DMSO-de) 5 9.10 (s. 1H), 8.78 (d, J = 8.6 Hz. 1H). 8.52 (d. J ^ 9.8 
Hz, 1H), 8.23 (d. J = 9.2 Hz, 1H), 7.92 (d. J = 8.5 Hz. 1H), 4.93 (s. 2H); ES- 
LCMSm/z267(M+H). 



25 




Step B: 6-nltro-2-[(4-phenylpiperidln-1-yl)methyl]quinoline 
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To a solution of 2-(bromomethyl)-6-nitroquinoljne (the intermediate produced 
in Example 2, Step A; 1 .0 g, 3.76 mmol) in THF at room tempreature was 
added Hunig's base (1.31 mL, 7.52 mmol) followed by the addition of 4- 
5 phenylpiperidine (0.61 g, 3.76 mmol). The contents were stin-ed for 3 h at 
room temperature. The crude reaction mixture was concentrated and loaded 
directly over a silica gel column using hexane:ethyl acetate 1 :1 as the eluent 
to afford 6-nitro-2-[(4-phenylpiperidin-1-yl)methyl]qulnoline as a brown solid 
(1.06 g. 81%). NMR (300 MHz, DMSO-dg) 5 9.03 (s. 1H). 8.67 (d, J = 9.0 
10 Hz. 1H), 8.43 (d. J = 9.4 Hz. 1H). 8.16 (d, J = 9.4 Hz. 1H). 7.87 (d. J = 8.7 Hz. 
1H). 7.29-7.14 (m. 5H). 3.83 (s, 2H). 2.94 (m. 2H). 2.51 (m. 2H). 2.23 (m, 
2H). 1 .73 - 1 .67 (m. 3H); ES-LCMS m/z 348 (M+H). 




15 StepC: 2-[(4-phenylpiperidin-1-yl)methyl]qulnolin-6-amine 

To a solution of 6-nltro-2-[(4-phenylpiperldln-1-yl)methyl]qulnoline (the 
intemiedlate produced in Example 2. Step B; 1.0 g. 2.88 mmol) in 30 mL 
THF/EtOH (1:1) was added 0.1 g of Pd/C (10%) and the contents stirred 

20 under hydrogen gas (40 psi) for 6 h. The reaction was then filtered through 
celite, washed with EtOH and the contents concentrated under vacuum to 
afford 2-[(4-phenylpiperldin-1-yl)methyl]quinolin-6-amine as a green solid 
(0.8g. 87%). ^H NMR (300 MHz. DMSO-de) S 7.91 (d. J = 8.4 Hz. 1H), 7.66 
(d, J = 9.0 Hz. 1H). 7.41 (d, J = 8.5 Hz. 1H). 7.39 - 7.10 (m. 6H). 6.78 (s, 1H). 

25 3.45 (s. 2H). 2.94 (m. 2H). 2.52 (m. 2H). 2.16 (m. 2H). 1.74 - 1.65 (m. 3H): 
ES-LCMS m/z 320 (M+H). 
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Step D: 6-(4-chlorophenyl)-3-{2-[(4-phenylpiperidin-1 -yl)methyl]quinolin-6- 

yl>thieno[3.2-d]pyrlmldln-4(3H)-one 

To 2-[(4-phenyIpiperldin-1-yl)methyl]qulnolin-6-annine (the intermediate 
produced in Example 2. Step C; 0.160 g, 0.506 mmol) was added methyl 5-(4- 
chlorophenyl)-3-{((1EHdimethylamino)methylidene]amino}thiophene-2- 
carboxylate (0.163 g, 0.506 mmol) and 0.5 g ot phenol as the solvent. The 
reaction mixture was heated from 100 °C to 135 'C over a period of 1 .5 h. The 
crude mixture was loaded over a silica gel column using DCM/MeOH (95:5) to 

afford 6-(4-chlorophenyl)-3-{2-[(4-phenylpiperidin-1-yl)methyl]quinolin-6- 
yl}thleno[3.2-d]pyrimidin-4(3H)-one (the title compound) as a yellow solid 
(0.085 g. 30%). NMR (300 MHz, DMSO-da) 5 8.61 (s, 1H), 8.59 (s.lH), 
8.32 (s, 1H), 8.25 (d, J = 9.0 Hz. 1H), 8.03 - 7.90 (m, 5H), 7.60 (d, J= 8.4 
Hz, 1 H). 7.35 - 7.21 (m, 6H), 4.76 (s, 2H), 3.61 - 3.49 (m, 2H), 3.28 - 3.15 
(m, 2H), 2.87 (m, 1 H), 2.22 - 1 .96 (m. 4 H); ES-LCMS m/z 563 (M+H). 

Example 3 




6-(4-chlorophenyl)-3-{2-[(4-phenylpiperazin-1-yl)fnethyl]quinolin-6- 
yl}thieno[3,2-d]pyrlmidln-4(3H)-one 




Step A: 6-nitro-2-[(4-phenylpiperazin-1-yl)methyl]quinoline 

6-Nitro-2-[(4-phenylpiperazin-1-yl)methyl]quinoline was prepared using a 
similar experimental procedure as in Example 2, Step B by reacting 2- 
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(bromomethyl)-6-nitroquinoline with 1-phenylplperazine. The compound was 
purified by column chromatography on silica gel, eluting with a gradient of 
40% ethyl acetate in hexane. NMR (300 MHz. DMSO-de) 5 9.05 (s, 1H). 
8.69 (d. J = 8.6 Hz, 1H). 8.45 (d. J = 9.1 Hz, 1H). 8.18 (d. J = 9.1 Hz. 1 H). 
5 7.87 (d, J = 8.5 Hz. 1H), 7.20 (m. 2H). 6.92 (m. 2H). 6.77 (m. 1 H) 3.87 (s. 2H). 
2.61 (m, 4H). 2.48 (m. 4H); ES-LCMS m/z 349 (M+H). 




Step B: 2-[(4-phenylpiperazin-1-yl)methyl]quinolin-6-amine 

10 

2-C(4-Phenylpiperazin-1-yl)methyl]quinolin-6-amine was prepared using a 
similar experimental procedure as in Example 2, Step C by reducing 6-nitro-2- 
((4-phenylpiperazin-1-yl)methyl]quinoline (Example 3. Step A) with hydrogen 
gas and 10% Pd/C. The crude compound was used directly In the next step. 
15 ^H NMR (300 MHz, DMSO-de) 5 7.92 (d. J = 8.4 Hz. 1H). 7.68 (d,.J ~ 9.0 Hz. 
1H). 7.41 (d. J = 8.4 Hz, 1H). 7.21 - 7.12 (m. 3H). 6.92 (m. 2H). 6.79 (m; 2H). 
5.53 (s. 2H), 3.69 (s. 2H), 3.14 (m. 4H). 2.58 (m. 4H); ES-LCMS m/z 319 
(M+H). 



20 




StepC: 6-(4-chlorophenyl)-3-{2-[(4-phenylpiperazin-1-yl)methyl]quinolin-6- 

yl>thieno[3,2-d]pyrimidin-4(3H)-one 

6-(4-Chlorophenyl)-3-{2-[(4-phenylpiperazin-1-yl)methyllquinolln-6- 
yl}thieno[3.2-d]pyrimidin-4(3H)-one was prepared using a similar experimental 
procedure as in Example 2. Step D by reacting 5-(4-chlorophenyl)-3-{((1 E)- 
(dlmethylamino)methylldene]amino)thiophene-2-carboxylate (Example 1, Step 
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D) with 2-[(4-phenylpipera2ln-1-yl)m8thyl]qulnolln-6-amine. NMR (300 
MHz. DMSO-de) 5 8.62 (s. 1H). 8.60 (s,1H). 8.32 (s, 1H), 8.25 (d. J = 9.0 Hz, 
1H). 8.03 - 7.94 (m, 4H), 7.84 (d, J= 8.4 Hz, 1H). 7.60 (m. 2H). 7.28 (m. 1H), 
7.16 (m. 1 H). 7.00 (d, J = 8.2 Hz. 1 H), 6.87 (t. J = 7.2 Hz, 1 H). 6.74 (d. J = 7.7 
5 Hz, 1 H). 4.84 (s, 2H), 3.54 (m, 4H), 2.07 (m, 4H); ES-LCMS m/z 564 (M+H). 

Example 4 




10 6-(4-chlorophenyl)-3-[2*(morpholin-4-ylmethyl)quinolin-6-yl]thieno[3,2- 

d]pyriinidin-4(3H)-one 




Step A: 2-(morphoHn-4-ylmethyt)-6-nitroquinoline 

15 

2-(Morpholin-4-ylmethyl)-6-nitroquinoline was prepared using a similar 
experimental procedure as in Example 2, Step B by reacting 2- 
(bromomethyl)-6*nitroquinoline with morphotine. The desired compound was 
purified by column chromatography on silica gel, eluting with a gradient of 
20 80% ethyl acetate in hexane. ^H NMR (300 MHz, DMSO-de) § 9.08 (s, 1 H), 
8.72 (d, J = 8.6 Hz, 1H), 8.48 (d, J = 9.1 Hz. 1H), 8.21 (d, J = 9.2 Hz, 1 H), 
7.89 (d, J = 8.6 Hz, 1H). 3.89 (s. 2H). 3.66 (m, 4H), 2.54 (m, 4H); ES-LCMS 
/n/z274(M+H). 



25 




Step B: 2-(morpholin-4-ylmethyt)quinotin-6-amine 
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2.(Morpholjn-4.ylmethyl)quinollrv6-amine was prepared using a similar 
experimental procedure as in Example 2. Step C by reducing 6-nitro-2-[(4- 
phenylpiperazin-1.yl)methyl]qulnoline with hydrogen gas and 10% Pd/C The 
crude compound was used directly in the next step. NMR (300 MHz 
DMSC^de) 6 7.93 (d. J = 8.6 Hz. 1H). 7.69 (d. J = 9.0 Hz. 1H). 7.41 (d. J = 8 5 
HZ.1H). 7.21-7.11 (m.,1H).6.81 (m. 1 H). 5.55 (s. 2H). 3.65 (s. 2H). 3.61 (m 
4H), 2.51 (m, 4K); ES-LCMS m/z 244 (M+H). 




Step C: 6-(4-chlorophenyl).3-[2.(morpholin-4-ylmethyl)quinolin-6- 
yl]thieno[3,2-dlpyrimidin-4(3H)-one 
The title compound was prepared using a similar experimental procedure as 
in Example 2, Step D by reacting 5-(4-chlorophenyl)-3-{[(1E)- 
(dimethylamino)methylidene] amino}thiophene.2-carboxylate (Example 1 
Step D) with 2-(morpholln-4-ylmethyl)quinolin-6-amine (Example 4 Step B) 

NMR (300 MHz. DMSO-de) 8 8.57 (s. 1H). 8.42 (d. J = 8.6 Hz. 1H). 8 19 (s 
1H). 8.12 (d. J * 9.0 Hz. 1H). 8.01 (s. 1H). 7.95 - 7.90 (m. 3H). 7.75 (d J = ' 
8.4 Hz. 1H). 7.59 (m. 2H). 3.79 (s. 2H). 3.61 (m. 4H). 2.48 (m. 4H); ES-LCMS 
/M/z 509 (M+H). 



Example 5 




6^4H:hlorophenyl)-3K2^(4.methylpiperazln-1.yl)methyl]quinolln.6. 
yl>thlenot3,2-d]pyrimldln^(3H)-one 
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Step A: 2-[(4-nnethylpipera2ln-1-yl)methyl]-6-nitroquinoline 

2-[(4-Methylplperazin-1-yl)methyl]-6-nitroquinofine was prepared using a 
similar experimental procedure as In Example 2, Step B by reacting 2- 
(bromomethyl)-6-nltroqulnollne with 1-methylpiperazlne. The desired 
compound was purified by column chromatography on silica gel, eluting with 
100% ethyl acetate. *H NMR (300 MHz. DMSO-de) 5 9.09 (s. 1H). 8.73 (d, J = 
8.5 Hz, 1H). 8.49 (d, J = 9.3 Hz. 1H), 8.21 (d, J = 9.3 Hz, 1H), 7.86 (d, J = 8.5 
Hz. 1H), 3.89 (s, 2H). 2.75 (m. 4H), 2.54 (m, 4H), 2.45 (s. 3H): ES-LCMS m/z. 
287 (M+H). 



Step B: 2-((4-methylpiperazin-1-yl)methyl]quinolin-6-amine 

2-[(4-Methylpiperazln-1-yl)methyllquinolin-6-amine was prepared using a 
similar experimental procedure as in Example 1 , Step C by reducing 6-nitro-2- 
[(4-phenylpiperazin-1-yl)methyl]quinoline with hydrogen gas and 10% Pd/C. 
The crude compound was used directly In the next step. ^H NMR (300 MHz, 
DMSO-de) 6 7.95 (d, J = 8.6 Hz. 1H). 7.69 (d, J = 9.0 Hz, 1H), 7.39 (d, J = 8.6 
Hz. 1H). 7.17 (d. J = 8.8 Hz, 1H). 6.81 (s. 1H). 5.57 (s, 2H), 3.71 (s, 2H). 2.76 
(m, 4H). 2.53 (m, 4H), 2.43 (s, 3H); ES-LCMS /r/z257 (M+H). 



Step C: 6-(4-chlorophenyl)-3-{2-[(4-methylpiperazln-1 -yl)methyl]qulnolin-6- 

yl}thleno[3,2-d]pyrimldln-4(3H)-one 
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The title compound was prepared using a similar experimental procedure as 
in Example 2, Step D by reading 5K4-chlorophenyl)-3-{[(1 E)- 
(dimethylamino)methylidenej amino}thiophene-2^arboxylate (Example 1. 
Step D) with ■2-((4-methylplperazin-1.yl)methyl]qulnolin-6-amine (Example 5. 
Step B). NMR (300 MHz, DMSO-de) 8 8.56 (s, 1H). 8.42 (d. J = 8.6 Hz. 
1H). 8.19 (s, 1H). 8.11 (d. J = 9.0 Hz. 1H), 8.02 (s. 1H). 7.94 - 7.88 (m. 3H). 
7.75 (d. J = 8.5 Hz. 1H), 7.59 (m. 2H). 3.82 (s, 2H). 2.64 - 2.37 (m. 11 H); ES- 
LCMS m/z 502 (M+H). 

Example 6 




6-(4-chIorophenyl)-3-(2-a(3/?)-3-hydroxypyiTolidlnyilmethyl>-6- 
quinolinyl)thleno[3.2-d]pyrimidin-4(3//)-one 



o,i 



OH 



Step A: (3R)-1[(6-nitro-2qulnollnyl)methyl]T3-pyrrolidlnol 
This intemiediate was prepared from (3R^hydroxypyrrDlidine and 6- 
nitroquinoline.2-carbaldehyde using the techniques described in Bcample 1, 
Step B. ^H NMR (400 MHz. CDCI3) 5 8.77 (s. 1H); 8.69 (d. J = 9.6 Hz. 1H).' 
8.30 (d. J = 8.4 Hz. 1H); 8.17 (d, J = 9.2 Hz. 1H); 7.75 (d. J = 8.4 Hz. 1H)! 
4.41-4.39 (m. IH); 4.04 (s. 2H); 3.04-2.98 (m. 1H); 2.82-2.73 (m. 1H); 2.55^ 
2.49 (m, IH); 2.28-2.20 (m. IH); 1.86-1.79 (m. IH). ES-LCMS m/z 296 
(M+Na). 



Step B: (3R)-1-((6-amino-2-qulnolinyl)methyl]-3-pyrrolidinol 
This intemiediate was prepared from the intenmediate produced in Example 6. 
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Step A, by using the techniques described in Example 1, Step C, NMR 
(400 IVIHz. DMSO-de) 5 8.10 (d. J = 8.4 Hz, IH); 7.79 (d. J = 9.2 Hz. 1H): 7.49 
(d. J = 8.8 Hz. 1 H): 7.29 (d, J = 9.2 Hz, 1 H); 6.97 (s. 1 H); 4.62 (s. 2H): 4.41 (m. 
IH); 3.48-3.39 (m. 2H); 3.26-3.14 (m. 2H); 2.19-2.02 (m. IH); 1.95-1.85 (m. 
.5 1 H). ES-LCMS m/z 244 (M+H). 




Step C:6-(4-chlorophenyl)-3-(2-{[(3/?)-3-hydroxypyn-olldinyl]methyl}-6- 
qulnolinyl)thieno[3,2-</Ipyrlmldln-4(3«)-one 

10 

The title compound was obtained from the intemiediate produced from 
Example 6. Step B, by using the techniques described in Example 2, Step D. 
^H NMR (400 MHz. CDQa) 5 8.23-8.17 (m, 3H); 7.89 (s, IH); 7.74 (d, J = 8.4 
Hz. IH); 7.67-7.65 (m. 3H); 7.56 (s, IH), 7.40 (d. J = 7.6 Hz, 2H); 4.40 (bs. 
15 1 H); 4.05 (s, 2H); 3.30-2.99 (m. 1 H); 2.85-2.70 (m. 2H); 2.54-2.50 (m. 1 H); 
2.32-2.20 (m. IH); 1.91-1.75 (m. IH). ES-LCMS m/z 489 (M+H). 



Example 7 




6-(4-chlorophenyl).3-{2-[(3-oxo-1-pyrrolldlnyl)methyl]-6. 
quinolinyl}thieno[3.2-cqpyrimidin-4(3H)-one 

To oxalyl chloride (2 M solution In dichlomethane, 5.5 mL. 1 1 mmol) at -60 "C, 
was added DMSO (1.7 mL. 22 mmol). The resulting mixture was stirred at this 
temperature for 5 minutes. In a separate flask, 6-(4-chlorophenyl)-3-(2-{[(3R)- 

3-hydroxypyrrolidinylJmethyl}-6-quinollnyi)thieno[3,2-dlpyrimidln-4(3H)-one(33 
mg. 0.67 mmol) was dissolved In 2mL oichloromethane. The above prepared 
oxidant solution (1.5 mL. 0.67 mmol) was added at -60 "C. After the mixture 
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was stirred for 15 minutes. 0.5 mL trietliylamine was added. Then the mixture 
was let warmed up to room temperature. The reaction was quenched by 
pouring the reaction mixture into saturated sodium bicarbonate solution. It 
was then partitioned between dichloromethane and aqueous layers and the 
5 aqueous layer was extracted with dichloromethane. The combined organic 
layers were dried and the solvents were removed by evaporation in vacuo. 
The residue was purified by flash chromatography eluting with 3% methanol in 
dichloromethane. The title compound was obtained (26 mg) as light tan solid. 
NMR (400 MHz. CDCL3) 6 8.27^.22 (m, 3H); 7.92(s. 1H): 7.77 (d. J = 8.8 
10 Hz. 1H); 7.69-7.66 (m. 3H); 7.57 (s. IH); 7.46 (d. J = 8.4 Hz, 2H); 4.1 1(s. 2H); 
3.11 (s, 2H); 3.09 (t, J = 7.2 Hz. 2H); 2.49 (t, J = 7.4 Hz. 2H). ES-LCMS m/z 
487 (M+H). 



6-(4K:hlorophenyl)-3-(2-{[(3S)^-fluoropyrrolidinyl]methyl}-6- 
qulnolinyl)thleno[3,2-dlpyrimjdin-4(3/i)-one 

To6.(4-chlorophenyl)-3-(2-{[(3R)-3-hydroxypyrrolidinyllmethyl}-6- 
20 quinolinyl)thieno(3,2-c(Ipyrimidin-4(3H)-one (the title compound from Example 
6, 20 mg. 0.04 mmol) in dichloroethane (1.5 mL).jcliethylaminosulfur.trifluoride 
(DAST, 10 mg, 0.06 mmol) was added at -30 'C. The mixture was stirred 
ovem'^ht and allowed to wami to room temperature. The mixture was poured 
Into an ice cold saturated sodium bicarbonate solution and extracted v«th 
25 dichlomethane. After the combined organic layers were washed and dried, 
the solvent was removed in vacuo. The residue was purified by flash 
chromatography eluting with 5% methanol in dichlomethane affording the title 
compound as solid (12 mg). ^H NMR (400 MHz, CDCI3) 6 8.24-8.19 (m, 3H); 
7.89(5, 1H); 7.76-7.72 (m. 2H); 7.67 (d, J = 8.4 Hz, 2H); 7.56 (s. 1H); 7.45 (d, 
30 J = 8.4 Hz. 2H); 5.30-5.1 3 (m, 1 H); 4.05(s, 2H); 3.03-2.82 (m. 2H); 2.60 (m, 
1 H); 2.28-2.04 (m, 2H). ES-LCMS m/z 490 (M+H). 



Example 8 



15 




wo 2004/092181 



PCT/US2004/010518 



57 



Example 9 





[6-(6-(4K:hlorophenylHH>xothleno[3,2<apyrimldln^(4H)-yl)-2. 
quinolinyl]methyl(methyl)f6miamfde 




step A: AAHTielhyl(6-nltrD-2-<juinolinyl)methanamlne 

This Intermediate was prepared from methyfamlne and 6-nltroquinoHne.2- 
carbaldehyde using the techniques described in Example 1, Step B 

NMR (400 MHz. DMSO-de) 5 9.02 (s. 1H); 8.64 (d. J = 8.8 Hz. IN)- 8 42 (d 
J = 8.8 Hz. 1H); 8.13 (d, J = 9.2 Hz. 1H); 7.79 (d. J = 8.4 Hz. 1H): 3.98 (s 2H)- 
2.32(s.3H).ES-LCMSm/z218(M+H). ' 



step B: ferf-butyl methyl[(6-nitro-2.qulnolinyl)methyl]carbamate (two rotamers) 

The Intermediate obtained in Example 9. Step A (1 .4 g. 6.45 mmol) was 
dissolved in dichloromethane. Triethylamlne (0.91 g. 9.03 mmol) and di-tert- 
butyl dicarbonate (1.97 g. 9.03 mmol) were added. The reaction was stin-ed 
for 10 minutes and diluted with dichloromethane. washed sequentially with 
saturated solutions of sodium bicarbonate and sodium chloride, dried, and 
concentrated under reduced pressure. The resultant residue was purified by 
flash chromatography using a 2:1 hexane.ethyl acetate mixture as the eluent 



Or 
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to provide 1.95 g (95% yield) of the desired intermediate as a yellow solid. 

NMR (400 MHz. DMSO-de) 5 8.77 (bs. 1H); 8.46 (d, J = 9.2 Hz. 1H); 8.31 
(bs. 1H); 8.14 (d. J = 8.8 Hz. 1H); 7.54-7.48 (m. 1H): 4.76 (s) and 4.72(s). total 
2H; 3.00(s) and 2.93 (s). total SH; 1.51 (s) and 1.39 (s). total 9H. ES-LCMS 
5 m/z 31 8 (M+H). 



10 This Intermediate was prepared by starting with the intermediate produced in 
Example 9, Step B, and subjecting It to the conditions found in Example 1, 
Step C. ^H NMR (400 MHz. DMSO-de) 5 8.63 (d. J = 8.8 Hz. 1H); 8.14 (bs, 
1H); 7.55-7.49 (m. 2H): 7.14 (bs. 1H); 4.81 (s. 2H); 2.96(bs. 3H); 1.40(s) and 
1.1 8(s). total 9H. ES-LCMS m/z 288 (M+H). 



Step D:[6-(6-(4-chlorophenyl)-4-oxothieno[3.2-c(]pyrimidin-3(4H)-y|)-2- 
quinollnyl]methyl(methyl)formamlde (rotamers) 

20 The intermediate obtained in Example 9. Step C (430 mg. 1 .5 mmol) was 
dissolved in 1 .2-dlchlorethane under a nitrogen atmosphere. A 2 M solution 
of trimethylaluminum in toluene (1.1 mL, 2.2 mmol) was added dropwise via 
syringe. The mixture was stirred 20 minutes at room temperature. Methyl 6- 

(4-chlorophenyl)-3-{((1E)-(dlmethylamlno)methylidene]-amino}thiophene-2- 
25 carboxylate (the intermediate from Example 1 . Step D; 483 mg.l .5 mmol) wai 
added and the mixture was heated at reflux overnight. The solvent was 
removed under reduced pressure and the resultant residue was dissolved in 
fonnic acid and heated at reflux for 2 hours. The formic acid was removed 




Step C: ferf-butyl (6-amino-2-quinolinyl)methyl(methyl)carbamate 



15 
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under reduced pressure and the resultant residue was dissolved in 
dlchlomiethane, washed with a saturated solution of potassium carbonate, 
dried, and concentrated under reduced pressure. The resultant residue was 
purified by flash chromatography using a 2-3% MeOH-dichloromethane 
mixture as the eluent to provide the title compound (150 mg). NiyiR (400 
MHz, CDCI3) 5 8.24-8.19 (m. 3H); 7.92 (d. J = 8.8 Hz. 1H); 7.78 (d, \i = 8.8 Hz. 
1 H); 7.67 (d. J = 8.4 Hz. 2H); 7.57 (s, 1 H); 7.50-7.40 (m, 3H); 4.87(s) and 
4.74(s), total 2H;): 3.02 (s) and 2.90 (s), total 3H. ES-LCMS m/z 461 (M+H). 



Example 10 




NHMe 



6-(4-chlorophenyO-3-{2-[(methylamlno)mothyllqulnolln-€-yl>thieno[3^- 

dIpyrimiclin-4(3f/)-one 

step A: 1-(&-nitroquinolin-2-yl)methanamine 

Methylamlne (7.3 mL of a 2.0 M solution in tetrahydrofuran) was added to a 
solution of 2-(bromomethyl)-6-nitroquinoline (0.86 g. 3.23 mmol) in 10 mL of 
tetrahydrofuran. The mixture was stirred at room temperature for 1 .5 hours. 
The solvent was evaporated and the crude product was purified by 
chromatography on silica gel. Elutlon with a gradient of 0-10% methanol in 
dichloromethane gave 0.47 g (67%) of desired product as a brown gum. ^H 
NMR (400 MHz. DMSO-dg) 6 9.1 (s, 1H), 8.71 (d, J=8.5 Hz. 1H). 8.48 (d, 
J=9.2 Hz. 1H), 8.18 (d, J=9.2 Hz. 1H), 7.80 (d, J=8.5 Hz. 1H), 4.23 (s, 2H). 
3.-34 (br s, 1H) 2.50 (s. 3H). ES-LCMS m/z 218 (M+H). 
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Step B: te/f-butyl methyl[(6-nitroquinolin-2-yI)methyllcarbamate 

Di(terf-butyl) dicarbonate (0.71 g. 3.24 mmol) and triethylamine (0.30mL, 2.16 
mmol) were add^ to a partial solution of /V-methyl-1-(6-nltroquinolin-2- 
5 yl)methanamine (0.47 g, 2.1 6 mmol) in 20 mL of dichloromethane. The 
resulting homogeneous solution was stirred at room temperature for 30 
minutes. The solvent was evaporated and the re^due purified by 
chromatography on silica gel with a gradient of 0-50% ethyl acetate In hexane 
to give 0.295 g (43%) of desired product as a white solid. NMR (400 MHz, 
10 DMSOde) 5 9.07 (s, 1H). 8.70 (d, J=8.6 Hz, 1H), 8.46 (d, J=9.1 Hz, 1H), 8.15 
(d. J=9.3 Hz, 1H). 7.56 (m, 1H), 4.70 (s, 2H), 2.96 (m. 3H). 1.46 and 1.24 (s, 
9H). 




15 Step C: terf-Butyi (6-aminoquinoIin-2-yi)methyl(methyl)carbamate 

Palladium (5% by weight on activated carbon, 0.098 g, 0.046 mmol) was 
added to a solution of fe/t-butyt methyl[(6-nitroquinolin-2-yl)methyl]carbamate 
(0.292 g, 0.92 mmol) in 20 mL of ethyl acetate in a Fisher-Porter tube. The 
mixture was evacuated and flushed with nitrogen, then evacuated and filled 

20 with 50 psi of hydrogen. After 1 hour, the reaction mixture was filtered 

through Celite and the solvent evaporated to give 0.254 g (96%) of desired 
product as a light yellow solid. ^H NMR (400 MHz. DMSO-de) 5 7.91 (d, J=8.4 
Hz. IN). 7.61 (d. J=9.0 Hz. 1H). 7.11 (d. J=9.0 Hz. 1H). 7.10 (d. J=8.4 Hz, 
1H). 6.76 (s. 1H), 5.52 (s, 2H), 4.48 (s, 2H), 2.82 (s, 3H), 1.43 and 1.31 (s, 

25 9H). 
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NMe, 



Step D: feit-Butyl (6-{[(5-(4-chlorophenyl)-3-{((1E)- 

(dimethylamlno)methyIidene]amlno}thien-2-yl)carbonyl]amino}qulnoIin-2- 
5 yl)methyl(methyl)carbamate 

A solution of methyl 5-(4-chlorophenyl)-3-{[(1E)-(dimethylamino)methylidene]- 
amlno}thlophene-2-carboxylate (the intermediate from Example 1, Step D; 
0.067 g, 0.209 mmol) and teA#-butyl (6-ammoquinonn-2- 
yl)methyl(methyl)carbamate (0.050 g, 0.174 mmol) in 2 mL of anhydrous 

10 tetrahydrofuran was cooled to 0 «>C. Sodium hexamethyldisilazane (0.26 mL 
of a 1 .0 M solution in tetrahydrofuran) was added dropwise over 5 minutes. 
The mixture was stirred at 0»C.for 10 minutes and then allowed to warm to 
room temperature. After 2 hours, saturated aqueous ammonium chloride 
(0.5 mL) was added and the mixture was extracted with ethyl acetate. The 

1 5 organic phase was dried over anhydrous sodium sulfate and the solvent was 
evaporated. Chromatography on silica gel with a gradient of 0-100% ethyl 
acetate in hexane gave 0.029 g (24%) of desired product. NMR (400 MHz. 
DMSO-de) 5 1 1 .96 (s. 1 H). 8.49 (s. 1 H), 8.43 (d. J=2.4 Hz, 1 H), 8.3 (d. J=9.0 
Hz. 1H). 7.95 (d, J=9.0 Hz, 1H), 7.87 (s, 1H), 7.80 (d. J=2.4 Hz. 1H). 7.76 (1/2 

20 Abq, J=8.6 Hz, 2H), 7.55 (1 12 Abq. J=8.6 Hz, 2H), 7.32 (m. 1 H). 4.61 (s, 2H), 
3.24 and 3.22 (s. 6 H). 2.90 (m, 3H), 1.46 and 1.31 (s, 9H). APCI-LCMS m/z 
578 (M+H). 
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Step E: feff-butyl {6-[6-(4-chlorophenyl)-4-oxothleno[3.2-d|pyrlmlclin-3(4H)- 
yl]quinolin-2-yl}methyl(methyl)carbamate 

A catalytic amount of p-toluenesulfonic acid was added to a suspension of 
te/f-butyl (6-{I(5-(4-chlorophenyl)-3-{[(1 E). 

(dimethylamino)methylldene]amlno}thien-2-yl)carbonyl]amlno)qujnolln-2- 
yl)methyl(methyl)carbamate (0.025 g. 0.043 mmol) In 5 mL of absolute 

ethanol. A homogeneous solution was obtained upon heating to reflux. After 
2 hours, the mixture was cooled to room temperature and the solvent was 
evaporated. The residue was dissolved in dichloromethane:methanol. 
Macropprous triethylammonium methylpolystyrene carbonate (0.050 mg, 0.14 
mmol) was added, and the mixture was stirred at room temperature for 18 
hours. The resin was filtered off and the solution was concentrated to give 
the desired product as a white solid (0.023 mg. 98%). NMR (400 MHz, 
DMSO-de) 5 8.57 (s. 1H). 8.44 (d, J=8.6 Hz, 1H). 8.20 (s, 1H), 8.08 (d. J=8.6 
Hk, 1 H). 8.01 (s, 1 H). 7.94 (1/2 Abq. J=8.6 Hz. 2H). 7.90 (d, J=8.6 Hz. 1 H), 
7.58 (1/2 Abq, J=8.e Hz. 2H). 7.45 (m. 1H). 4.67 (s. 2H), 2.92 (m. 3H). 1.45 
and 1.28 (s, 9H). APCI-LCMS m/z 533 (M+H). 




Step F: 6-(4-chlorophenyl)-3-{2-I(methylamino)methyl]quinolin-6-yl>thleno[3,2- 

dlpyrimldln-4(3H)-one ^ 

Trifluoroacetic acid (0.050 mL) was added to a solution of ferf-butyl {6-[6-(4- 
chlorophenyl)-4^xothlenoI3,2-c(Ipyrimldin-3(4H)-yl]qulnolin-2- 
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yl}methyl(methyl)carbamate (0.023 g. 0.043 mmol) in dichloromethane (2 mL). 
The mixture was stirred at room temperature for 20 hours. The solvent was 
evaporated and 0.5 mL of methanol, followed by 1 0 mL of diethyl ether was 
added. The mixture was filtered and the collected white solid was dried under 
vacuum to give 0.018 g (77%) of the title compound as its trifluoroacetic acid 
salt. NMR (400 MHz, DMSO-de) 6 9.15 (br s. 2H), 8.61 (s. 1H). 8.55 (d, 
J=8.5 Hz, 1H). 8.31 is, 1H). 8.20 ^d. J=9.1 Hz. 1H). 8.04 (s. 1H). 8.03 (d. 
J=9.1 Hz, 1H). 7.96 (1/2 Abq, J=8.6 Hz, 2H). 7.69 (d, J=8.5 Hz. 1H). 7.61 (1/2 
Abq, J=8.6 Hz. 2H). 4.61 (s, 2H), 2.76 (s. 3H). ES-LCMS m/z 433 (M+H). 



Example 11 




6^4-chlorophenyl)-3.[2-(dlmethylamino).1.methyl-1H-benzimiclazoW- 
yl]thieno[3,2-dlpyrimidin-4(3//)K>ne 



a: 



/ 

N 

>-CI 
N 



Step A: 2-chloro-1-methyl-1H-benzlmldazole 



Dimethylsulfate (1 1 mL) was added drop-wise (via addition funnel) to a 
solution of 2-chlorobenzimidazole (10 g, 63.06 mmol) and 10 N NaOH (aq) 
(1 5 mL) in H2O (1 15 mL) at O'C. The mixture was then allowed to warm to 
room temperature, and was then stirred at room temperature for 2 h. TLC 
data (50% EtOAc/Hexanes) indicated that 2-chlorobenzimldazole was 
consumed. A tan precipitate had formed. The precipitate was filtered through 
a buchner funnel, the filter cake washed with H2O, and the resulting 
precipitate was air-dried to afford a tan solid, 2-chloro-1-methyMH- 
benzimidazole (9.41 g. 90% yield). ^H MMR (DMSO-d6) 5 7.56 (t. 2H, 
J=14.5Hz), 7.26 (m, 2H), 3.76 (s, tH). ES-LCMS m/z 167 (100), (M+H). 
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Step B: mixture of 2-chloro-1-methyl-5-nitro-1H-benzimldazole and 2-chlorD- 

1 -methyl-6-nitro-1 H-benzimidazole 

5 Cone. H2SO4 (20 mL) was added drop-wise (via addition funnel) to a mixture 
of the intermediate produced in Example 1 1 . Step A (9.41 g, 56.48 mmol) and 
cone. HNO3 at 0 'C. The mixture stinred at 0 'C for 2h. TLC data (50% 
EtOAc/Hexanes) indicated that starling material was consumed. The reacUon 
mixture was poured Into ice water (500 mL), and the resulting yellow 

10 precipitate was filtered through a buchner funnel, the filter cake washed with 
H2O, and the resulting precipitate was air-dried to afford a yellow solid, a 
mixture of 2-chloro-1-methyl-5-nitro-1 H-benzimidazole, and 2-chloro-1-methyl- 
6-nitro-1 H-benzimidazole (8.78 g. 73% yield). NMR (DMSO-d6) 5 8.65 (s, 
^ 1H.). 8.47 (s, 1H), 8.21 (d, 1H, J=11.2Hz), 8.12 (d, 1H. J=11.2Hz), 7.82 (d, 

15 1H, J=9.0Hz), 7.77 (d. 1H. J=9Hz). 3.89 (s, 1H). 3.85 (s, 1H). ES-LCMS m/z 
212(100),(M+H). 

J 

Step C: 2-chloro-1 -methyl-1 H-benzimidazol-6-amine and 2-chloro-1 -methyl- 
20 1H-benzimidazol-5-amine 

The intermediate produced in Example 1 1 . Step B (7.78 g, 36.77 mmol) was 
added portion-wise to a solution of Sn(ll)Cl2 2H2O (24.89 g, 1 10.30 mmol) in 
cone. HCI (100 mL) .at room temperature. The mixture was stirred at room 
25 temperature for 1 5 min. and then at 1 00 'C for 1 h. TLC data (30% 

CH3CN/CH2CI2) indicated that starting material was consumed. The reaction 
mixture was cooled to room temperature, made pH=8 with 10 N NaOH (aq), 
charged with Roehelle's salt (100 mL), then extracted with EtOAc (4 x 200 
mL). The organlcs were dried over MgS04 (anhy.), filtered, and concentrated 
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to dryness. The resulting cnjde was chromatographed on a SiOz column (0- 
30% CH3CN/CH2CI2 over 30 min. then 30% CH3CN/CH2CI2 for 60 min) to 
afford a pink solid 2-chloro-1-methyl-1H-benzlmidazol-5-amine (1.82 g. 27% 
yield). (Rf=0.18 in 30% CH3CN/CH2CI2). NMR (300 MHz, DMSO-d6) 6 ppn 
3.7 (s. 3 H) 4.9 (s. 2 H) 6.6 (dd. J=8.6. 1 .9 Hz. 1 H) 6.7 (d. J=1 .7 Hz. 1 H) 7.2 
(d, J=8.6 Hz, 1 H), ES-LCMS m/z 182 (60), (M+H); and a pink solid. 2-chloro- 
1-methyl-1H-benzimidazol-6-amine (2.5 g. 52% yield), (Rf=0.33 in 3pVi, 
CH3CN/CH2CI2). 'H NMR (DMSO-d6) 6 7.20 (d. 1H), 6.53 (m, 2H). 5^09 (s. 
2H), 3.60 (s, 3H), ES-LCMS m/z 182 (100), (M+H). 




Step D: A/^,A/2,1-trimethyl-1H-benzimldazole-2.6-dlamine 

2-Chloro-1-methyl-1H-benzimidazol-6-amine (Example 11, Step C; 1 g. 5.51 
mmol) and 2 M dimethylamine in MeOH (30 mL) was stirred at 160 'C in a 
sealed tube for 17.5 h. TLC data (10% MeOH/CHzCb) indicated that starting 
material was consumed. The reaction mixture was cooled to room 
temperature, then concentrated to dryness. The resulting cnide was 
chromatographed on a SiOz column (0-6% MeOH/CHzCk over 30 min, then 
6% MeOH/CHzCb for 30 min). Fractions corresponding to product (Rf=0.34 ii 
10% MeOH/CH2Cl2) were concentrated to dryness to afford a pink solid, 

,A/^,1-trimethyl-1H-benzlmidazole-2,6-diamine (640 mg, 61% yield). ^H 
NMR (DMSO-</6) 5 7.01 (d. 1H, J=8.3Hz). 6.42 (s. 1H). 6.36 (d. 1H, J=10.3), 
4.77 (s, 2H). 3.44 (s, 3H). 2.78 (s. 6H). ES-LCMS m/z 191 (100), (M+H). 




Step E: 6-(4-chlorophenyl)-3-[2-(dimethylamino)-1-methyl-1H-benzimldazol- 
6-yl]thieno(3,2-c/lpyrlmidin-4(3H)-cne 
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The intermediate from Example 11. Step D (1.09 g. 3.36 mmol) and Example 
1, Step D (640 mg. 3.36 mmol) was mixed in phenol (5 g) and stirred from 
room temperature to 150 'C over -30 min. then at 150 "C for 1 h. LC-MS data 
Indicated that some starting marterial remained. Additional intemiediate 
produced in Example 1, Step D (300 mg. 0.93 mmol) was added and the 
mixture stirred at 150 "c for 1h. LC-MS data indicated that the intemiediate 
produced in Example 1 1 . Step D was consumed. The reaction mixture was 
cooled to ~60-C, then poured into MeOH (100 mL). The resulting precipitate 
was filtered, washed with MeOH. and air-dried to afford the title compound as 
a tan solid (1.37 g. 93% yield). NMR (DMSO-d6) 5 8.45 (s. 1H). 8.00 (s, 
1H). 7.95 (d. 2H. J=8.5Hz). 7.58 (m. 3H). 7.47 (d. 1H. J=8.3Hz) 7.19 (d. 1H. 
J=10.3). 3.65 (s, 3H), 2.98 (s. 6H). ES-LCMS m/z436 (100). (M+H). 

Example 12 




HCI 



6K4^hlorophenyl)-3-[1.methy|.2-(pym>lidin-1.ylmethyl).1H.incJoW- 
yIlthleno[3,2-oQpyrimldln-4(3/l)-one hydrochloride 




C02Et 



Step A: ethyl 1 -methyl-5-nitro-1 H-indole-2-carboxylate 

Ethyl 5-nitrD.1H.indole-2-carboxylate (1.75 g. 7.46 mmol) was dissolved in 
DMF (30 mL) and sodium hydride (0.6 g of a 60% dispersion) was added. The 
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reaction was stirred at room temperature for 30 min. Methyl iodide (1 324g 
9.33 mmol) was added. The reaction was stirred overnight at room 
temperature. The reaction was diluted with water (100 mL) and the precipitate 
was collected by suction filtration. The precipitate was taken up in EtOAc (100 
mL) and washed with water (2 x 50 mL). dried over MgSd.. filtered and 
concentrated to afford 1.175 g (4.74 mmol. 63%) of the product as a red 
brown solid. NMR (CDCI3) 5 8.65 (d. 1H. J = 2 Hz). 8.25 (dd 1H J = 2 2 
Hz. 11.3 Hz). 7.45 (s. 1H). 7.43 (d. IN. J = II.3 Hz). 4.40 (q. 2H. J = 7 1 Hz) 
4.13 (s. 3H). 1.42 (t. 3H, J = 7.2 Hz). 




OH 

Step B: (1-methyl-5-nltro-1H-indol>2-yl)methanol 

Ethyl 1-methyI.5-nltro-1H-indole-2-carboxyIate (1.175 g. 4.74 mmol) was 
dissolved in THF (50 mL). Alane (11 mL of a 1M sol) was added. The reaction 
was heated to 70 'C and stirred for 6h and then cooled to room temperature 
quenched with methanol (50 mL). diluted with water (100 mL). and extracted 
wrth EtOAc (2 X 100 mL). The combined organlcs were washed with water (3 
X 150 mL). dried over MgS04. filtered, and concentrated to give 0.664g (3.22 
mmol. 90%) of the product as a red brown solid. ^H NMR (CDCI3) 6 8 54 (d 
1H. J = 2 Hz). 8.14 (dd. 1H. J = 2.2 Hz. 9.1 Hz). 7.35 (d. 1H. J- 9.2 Hz) 6 62 
(s, 1 H). 4.82 (s. 2H). 3.90 (s. 3H). 




Br 

Step C: 2-(bromomethyl).1-methy|.5.nltro-1H-lndole 
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(1-Methyl-5-nltro-1H-rndol-2-yl)methanol (0.664 g, 3.223 mmol) was dissolved 
In CH2CI2 (60 mL). Carbon tetrabromide (1.336 g, 4.03 mmol) was added. 
The mix was cooled to 0 'C and then triphenyiphosphlne (1.268 g. 4.83 mmol) 
in small portions over 1 h. The reaction was stin-ed overnight, washed with 
5 water (1 x 100 mL). and the organics dried over MgS04. filtered, and 
concentrated. The mix was filtered on a chromatatron plate to remove 
baseline impunties. The resultant solid was taken up in minimal CH2CI2 and 
triturated with hexane to give 0.238 g (0.853 mmol, 26%) of the desired 
product as a yellow solid. NMR (CDCI3) 5 8.55 (d, 1H. J * 2.2 Hz). 8.16 
10 (dd. 1H, J = 2.2 Hz. 9.1 Hz). 7.35 (d, 1H. J = 9.1 Hz), 6.76 (s, 1H), 4.65 (s, 
2H), 3.92 (s, 3H). 



Step D: 1-methyl-5-nitro-2-(pyrroIldln-1-ylmethyI)-1H-indole 

2-(Bromomethyl)-1-methyl-5-nitro-1H-indole (0.134 g, 0.50 mmol) was taken 
up in DMF (5 mL). Pyrrolidine (0.060 mL, 0.75 mmol) was added along with 
triethylamlne (0.134 mL, 1 mmol). The reaction was heated to 80 °C and 

20 stirred for 2 h and then cooled to room temperature and partitioned between 
water (50 mL) and EtOAc (50 mL). The aqueous layer was removed and the 
organics were washed with water (3 x 50 mL), dried over MgS04, filtered and 
concentrated to give 0.112 g (0.432 mmol. 87%) of the product as a yellow 
semisolid. 'H NMR (CDCI3) 6 8.50 (d. 1H. J = 2.2 Hz). 8.09 (dd. 1H. J = 2.2 

25 Hz. 9.1 Hz). 7.30 (d. 1H, J = 9.1 Hz), 6.53 (s. 1H). 3.85 (s, 3H), 3.78 (s. 2H). 
2.5 (bs. 4H), 1.8 (bs.4H). 
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HCI 



10 



15 



20 



Step E: 6-(4-chlorophenyl)-3-[1 -methyl-2-(pyrrolidin-1 -ylmethyl)-1 H-lndol-5- 
yllthieno[3.2-cqpyrimidln-4(3H)-one hydrochloride 

1-Methyl-5-nitro-2-(pyrrolldln-1-ylmethyl)-1H-lndole (0.112 g, 0.43 mmol) was 
taken up In EtOAc (10 mL) and hydrogenated over 10% Pd/C on a Parr 
hydrogenator under 50 psi of Hz. After 2h. the mixture was filtered through 
celite and concentrated. The residue was taken up in a minimal amount of 
CH2CI2 and methyl 5-(4-chtorophenyl)-3- 

{[(dimethylamino)methylene]amino}thlophene-2-carbo)cylate (the intennediate 
from Example 1, Step D; 0.115 g, 0.43 mmol) and phenol (0.5 g) were added. 
The mix was heated to 130 'C and stirred for 30 min. cooled to room 
temperature and purified on a chromatatron (100% CH2CI2 to 80:20 
CHzCbiMeOH). The product was treated with 1 N HCI in EtzO. stin-ed for 2h, 
and concentrated to give 0.071 g (0.139 mmol. 33%) of the title compound as 
a cream colored solid. ^H NMR (DMSO-de) 5 10.2 (bs, 1H). 8.5 (s, 1H), 8.05 
(s. 1H). 7.92 (d. 2H. J = 7.5 Hz). 7.77 (s. 1H). 7.67 (d. 1H. J = 8.8 Hz). 7.58 (d, 
2H. J * 8.5 Hz). 7.34 (dd. 1H. J = 2.1 Hz. 8.1 Hz). 6.85 (s. 1H), 4.68 (d. 2H, J 
= 5.5 Hz). 3.2 (bs. 2H. 2.05 (bs, 2H). 1.95 (bs. 2H). LRMS M+ H 475. 



Example 13 




HCI 



OMe 



6-(4^hlorophenyl)*3-(2^[(2l?)-2-(methoxymethyl)pyrrolldln-1-yl]methyl}. 
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lHnethyI.1H.|ndol^.yl)thienoI3,2.cqpy„mid.nw|(3/0^nehydro^^ 

The title compound was synthesized using the same procedures as that for 6- 

(4.chlorophenyl)^[1.methyl-2-(pyrroHdln-1-ylmethyl).1H.|ndol-5-yI]th.e 
dIpyiimidln-4(3fy)K>ne hydrochloride (Example 12). using (2/?>-2- 
(methoxymethyl)pyrrolidine instead of pyrrolidine. NMR (CDCI3) 5 12 9 
(bs. 1H). 8.6 (s. 1H). 7.80 (s. 1H. 7.68 (d. 2H. J = 8.5 Hz). 7.65 (s. 1H) 7 55 
(d. 1H. J = 8.8 Hz). 7.48 (d. 2H. J = 8.5 Hz). 7.30 (d. 1H. J = 8.9 Hz). 6.80 (s 
1H). 4.94 (d. 1H. J = 14.3 Hz). 4.46 (m. 2H). 4.03 (s. 3H). 3.74^.60 (m. 2H)' 
3.55 (s. 3H). 3.00 (bs. 2H). 2.28 (bs. 1H). 2.17 (bs. 1H). 1.96 (bs. 2H) LRMS 
M+H519. 




15 



HO2C 



CO2H 



6-(4-MethyIphenyl)^.t2.(pyrrolidin.1.ylmethyl)-1.benzofuran-5. 
yl]thieno(3^-cQpyrlmidln^(3H)-one maleate salt 



20 




O 



Step A: 1-I(5-Nitro-1-benzofuran-2-yl)carbonyl]pyrrolidine 

5-Nitro.1-benzofuran-2.carboxylic acid (0.50 g. 2.41 mmol) was suspended In 
thionyl chloride (5 mL) and heated to reflux. The reaction was stirred for 16 h 
and then concentrated to dryness. The residue was taken up in DMF (5 mL) 
and pyrrolidine (0.343 g. 4.82 mmol) and triethylamine (0.488 g, 4.82 mmol) 
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were added. The mixture was heated to 80 °C and stirred for 2 h. The 
reaction mixture was then cooled to room temperature and water (60 mL) was 
added. The resultant solid was collected and talcen up in EtOAc'(50 mL). 
The organics were washed with water (3 x 150 mL), dried over MgS04. 
5 filtered and concentrated to give 0.454 g (1.75 mmol. 72%) of the title 
compound as a light ypllow solid. NMR (CDCI3) 5 8.61 (dd, 1 H, J = 2.2 Hz), 
8.32 (dd. 1H, J = 2.2 Hz. 9.0 Hz). 7.63 (d. 1H. J = 9.0 Hz). 7.51 (s, 1H), 3.94 
(t, 2H. J = 6.8 Hz). 3.71 (t. 2H. J = 7.0 Hz), 2.06 (p 2H, J = 6.7 Hz), 1.97 (p, 
2H. J = 7.0 Hz). 




Step B: 1-[(5-Nitro-1-benzofuran-2-yl)methyl]pyrrolidine 

1-[(5-Nitro-1-benzofuran-2-yl)carbonyl]pyrrolidine (the Intermediate from Step 
15 A; 0.363 g, 1.40 mmol) was suspended In dry THF (5 mL). Alane (4 mL of a 1 
M soln) was added and the mixture was heated to 70 *C and stirred for 2 h. 
The mix was then cooled to room temperature and quenched with methanol 
(10 mL). The mixture was diluted with water (50 mL) and extracted with 
EtOAc (2 X 50 mL). The combined organics were washed with water (3 x 50 
20 mL), dried over MgS04, filtered and concentrated to give 0.210 g (0.854 
mmol, 61%) of the product as a dark golden oil. ^H NMR (CDCI3) 6 8.45 (d, 
1H, J =2.2 Hz). 8.19 (dd, 1H, J = 2.2 Hz. 8.8 Hz), 7.53 (d, 1H, J = 9. Hz), 6.74 
(s, 1H). 3.85 (s, 2H). 2.65 (bs. 4H), 1.85 (bs, 4H). 
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HOjC COgH 

Step C: 6-(4-Methylphenyl)-3-[2-(pyrroIidln-1-ylmethyl)-1 -benzofuran-5- 
yllthfeno[3,2-dlpyrimidin-4{3H)-one maleate salt 

1-[(5-Nitro-1-benzofuran-2-yl)methyl]pyrrolldlne (the intermediate from Step B; 
0.210 g, 0.85 mmol) was taken up in EtOAc (20 mL) and hydrogenated over 
10% Pd/C using Ha (1 atm). The reaction was filtered through celite and 
concentrated. The resultant residue was taken up in minimal amount of 
CH2CI2. Phenol (0.5 • g) and methyl 5-(4-chlorophenyl)-3- 

{[(dlmethylamlno)methyleneJ-amino}thiophene-2-carboxylate (the intermediate 
from Example 1. Step D; 0.275 g, 0.85 mmol) were added. The mix was 
heated to 130 'C and stirred- for 1h and then cooled to room temperature and 
purified on a chromatatron (100% CH2CI2 to 95:5 CHaCbrMeOH). The 
isolated product was taken up in CH2CI2 (5 mL) and 1 eq of maelic acid was 
added. The mixture was stirred overnight and the precipitate was collected to 
give 0.089 g (0.154 mmol, 18%) of the title compound as a white solid. 
NMR (DMSO-de) 8 10.3 (bs. 1H). 8.5 (s. 1H). 7.99 (s. 1H). 7.92 (m, 3H). 7.80 
(d. 1H. J = 8.8 Hz). 7.55 (m. 3H), 7.2 (s, 1H), 6.0 (s, 2H). 4.8 (bs. 2H). 3.4 (bs 
4H). 1.9 (bs, 4H). LRMS M+ H 461 



Example 15 




HOjC CO2H 
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3-(2-{[(2/?)-2-('Methoxymethyl)pyrrolidin-1-yl]methyl}-1-benzofuran-5-yl)- 
6-(4-methylphenyl)thieno[3,2-dIpyrimiclin-4(3H)K>ne maleate salt 

The tiUe compound was synthesized using the same procedures as that for 6- 
5 (4-Methylphenyl)-3-[2-(pyrrolidin-1 -ylmethyl)-1 -benzofuran-5-yl]thieno[3,2- 
d]pyrimidir>-4(3H)-one maleate salt (Example 14) using (2R)-2- 
(methoxymethyl)-pyn-olidine instead of pynrolidine. NMR (CDCb) 5 8.3 (s, 
1H). 7.80-7.75 (m, 3H), 7.6 (s. 1H). 7.5-7.4 (m, 3H), 7.10 (s, 1H) 6.4 (bs, 3H). 
4.85-4.6 (bm. 2H), 4.0-3.8 (bs. 2H), 3.8-3.7 (bs. 2H), 3.4 (s 3H). 3.25 (bs, 1H), 
10 2.2 9bs.2H), 1.9(bs.2H). LRMSJVI+ H 507. 



Example 16 




6-(4-chlorophenyl)-3-{2-[(dlmethylamlno)methyl]-2,3-dihydro-1,4- 
15 benzodloxln-6-yl}thieno(3,2-d]pyrlmidin-4(3/f)-one 

To 2-((dimethylamino)methyl]-2,3-dihydro-1 ,4-benzbdioxln-6-amine (produced 
according to patent application WO0121577, 0.100 g, 0.481 mmol) were 
added methyl 5-(4-chlorophenyl)-3-{[(1 E)-(dimethylamino)methylldene] 

20 amino}thiophene-2-carboxylate (Example 1 . Step D; 0.1 55 g, 0.481 mmol) 

and 0.150 g of phenol as the solvent. The reaction mixture was heated at 135 
'C for 2 h. The crude mixture was loaded over a silica gel column using 
DCM/MeOH (100:5) to afford 6-(4-chlorophenyl)-3-{2- 
[(dlmethylamino)methyl]-2,3-dihydro-1,4-benzodioxin-6-yl>thieno[3,2- 

25 </|pyrimldm-4 (3H>-one (the title compound) as a solid (0.096 g. 44%). 

NMR (400 MHz. DMSO-de) 5 8.37 (s, 1 H), 7.98 (s, 1 H), 7.93 (d. J=8.6-Hz. 
2H). 7.59 (d. J=s8.6 Hz. 2H). 7.15 (d. J=1.8 Hz. 1H). 7.03 (m. 2H), 4.40 (m. 
2H). 4.04 (dd. J=11.5 and 7.0 Hz. 1H). 2.56 (br. 2H). 2.27 (s. 6H); ES-LCMS 
m/z 454 (M+H). 

30 



\ 
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Example 17 

rOTO 

6K4*hlorophenyl)^^4^on*olinyln,ethyl).2.3-dihydro.14- 
beittodioxln^.yOthieno(3.2^pyrimidln-» (3H)-one 

The tMe compound was synthesized by subsHtuting moipholine for 
drmemylamine and employing ttie techniques found in Example 16. 'h NMR 
400 MHz. DMSO*) 5 8.37 (s. 1H). 7.97 (s. 1H). 7.93 (d. J=8.6 Hz, 2H) 7 58 
d^J=8 6 Hz, 2H), 7.14 (d, J=2.a Hz. IH), 7.02 (m, 2H,, 4.46 (m. IH). 4.38 " 
(dd. J=11.5 and 2.2 Hz. IH). 4.06 (dd. J=11.5and 7.1 Hz. IH) 3 59 ft J-14 6 
HZ. 4H), 2.61 (m. 2H), 2.50 (br. 4H); ES^.CMs ™'z496 (M^h' 

Example 18 




6^4^hlorophenyl)^^<4H«„hy,-i^^pe™zlnyl)methyl].2.3H.lhydro.14. 
benaKlloxlii<.yl}t|,teno[3.2Hilpyrimidin-4 (3H)-one 

•me «le compound was synthesized by substi.u«ng 4-methyl-piperazlne for 
d-methylamine and employing the techniques found in Example 16. 'h NMR 
WOO^Hz. DMSO-*) 6 8.36 (s. IH). 7.97 (s. 1 H). 7.93 (d, J=8.6 Hz. 2H) 7 58 

-1 it' ' u '■'^ '-'^ ^")- <36 (dd 

J- 1^5 and 2.2 Hz. IN). 4.04 (dd J=11.5 and 7.2 Hz. 1H). 2.60 (d, J=6.9 Hz 

2H), 2.50 (br. 4H). 2.33 (br. 4H). 2.16 (s, 3H): ES-LCMS m/z 509 (M+H). 



25 



Example 19 
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OH 



6-(4-chlorophenyl)-3-(2-{[(3/?)-3-hydroxy-1-pyrrolidinyl]methyl>-2,3- 
dihydro-1 ,44>enzodioxin-6-yl)thieno[3,2-Gf|pyrimidin-4 {ZH)-one 

5 The title compound was synthesized by substituting (3R)-3-hydroxy- 
pyrrolidine for dimethylamine and employing the techniques found in Example 
16. NMR (400 MHz, DMSO-de) 5,8.38 (s, 1H), 7.97 (s, 1H). 7.93 (d. d=8.6 
Hz. 2H). 7.58 (d. J=8.6 Hz. 2H). 7.13 (d. J=:2.0 Hz, 1H)! 7.02 (m. 2H). 4.70 (br. 
1H). 4.38 (m, 2H), 4.19 (m. 1H), 4.07 (m. 1H), 2.38-3.32 (m. 6H). 1.98 (m. 
10 1 H). 1 .55 (m. 1 H); ES-LCMS m/z 496 (M+H). 



6-(4-chlorophenyl)-3-{(2S)-2-[(dlmethylamino)inethyl]-2,3KJihydro-1,4- 
benzodioxin-6-yl}thfeno[3^<qpyrimidin-4 (3H)-one ^ 



20 To a solution of 4-nitrocatechol (1 2.7 g, 81 .9 mmol) in 1 0OmL of dry DMF 
were added potassium carbonate (13.5 g. 97.8 mmol) and chloromethyl 
methyl ether (6.2 mL, 97.8 mmol) at 40 'C. The mixture was stirred at that 
temperature for an hour and then solvent was removed. Water was added 
and the aqueous layer was extracted with ethyl acetate three times. The 

25 combined organic layers were washed with brine and dried over magnesium 
sulfate.- Concentration followed by column chromatography on silica gel using 



Example 20 





Step A: 2-{[(methyloxy)methyl]oxy}-5-nitrophenol 
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a 4:1 mixture of hexaneiethyl acetate afforded 2-{[(methyloxy)methylloxy)-5- 
nitrophenol as a solid (9.4 g, 58%). NMR (400 MHz. CDCI3) 6 7.80 (m, 
2H), 7.18 (d, J=8.8 Hz, 1H). 5.98 (8. IN). 5.32 (s, 2H). 3.53 (s. 3H). 



o.^ ^o^ 




Step B: (2/?^2-{[(2-{Kmethytoxy)methylloxy}-5-nitrophenyl)oxy]rnethyl)oxirane 

To a solution of 2-{[(methyloxy)methylloxy}-5-nitrophenol (1g, 5mmol), 
triphenylphosphlne (3.95 g. 15 mmol) and (R)-glycidol (558 mg. 7.5 mmol) in 
50 mL of dry DCM was added di-terf-butyl azodicarboxylate (3.47 g, 15 mmol) 
at room temperature. The reaction was stirred at room temperature overnight. 
Concentration followed by column chromatography on silica gel using a 4:1 
hexane:ethyl acetate as the eluent afforded (2R)-2-{[(2- 
{I(methyloxy)methyl]oxy}-5-nitrophenyl)oxy]methyl)oxirane as a solid (0.75 g, 
59%). ^H NMR (400 MHz, CDCI3) 6 7.88 (dd, J=9.0 and 2.5 Hz. 1H), 7.82 (d. 
J=2.5 Hz. 1H), 7.22 (d. J=9.0. 1H). 5.31 (s, 2H). 4.42 (dd, J=11.3 and 2.6 Hz. 
1H). 4.02 (dd. J=11.3 and 6.0 Hz, 1H), 3.52 (s. 3H), 3.42 (m. 1H). 2.94 (m. 
1 H), 12.79 (m, tH); ES-LCMS m/z 278 (M+Na). 




Step C: 6-(4-chlorophenyl)-3-{(2S)-2-[(dimethylamlno)methyll-2,3-djhydro- 
1 ,4-benzodioxln-6-yl)thieno[3,2-d]pyrimidin-4 (3H)-one 

The ititle comppund was synthesized by substituting (2S)-2-[(dimethylamlno) 
methy|]-2j,3-dihydro-1.4-benzodioxin-6-amine (the intennediate produced from 
(2R)-2-{[(|2-{[(methyloxy)methyl]oxy}-5-nitrophenyl)oxy]methyl}oxirane 
(Exa|hiple» 20, Step B) according to patent application WO0121577) for 2- 
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[(dimethylamino)methyl]-2.3-dihydro-1 .4-benzodioxin-6-amine and employing 
the techniques found in Exaniple 16. NMR (400 MHz, DMSOt/e) 5 8.37 (s, 
1H). 7.97 (s, 1H), 7.93 (d, J=8.5 Hz. 2H). 7.59 (d. J=8.5 Hz. 2H). 7.14 (d. 
J=2.0 Hz. 1H). 7.02 (m, 2H). 4.38 (m. 2H). 4.03 (dd. J=11.4 and 7.0 Hz, 1H), 
2.54 (d. J=6.0 Hz, 2H). 2.25 (s. 6H); ES-LCMS m/z 454 (M+H). 

Example 21 




6-(4H;hlorophenyl)-3-{(2R).2-[(dimethylamino)methyll-2,3-dlhydro-1,4- 
benzodioxin-6-yl}thieno[3,2-d]pyi1midin-4(3H)-one 




Step A: (2S)-2-{[(2-{[(methyloxy)methyl]oxy}-5-nitrophenyl)oxylmethyl}oxirane 

This intemnediate was synthesized by substituting (S)-glycidol for (R)-g!ycidol 
and employing 'the techniques found in Example 20. Step B. ^H NMR (400 
MHz, CDCI3) 5 7.88 (dd, J=9.0 and 2.6 Hz. 1H). 7.82 (d. J=2.6 Hz, 1H). 7.22 
(d, J=9.0 Hz, 1 H). 5.31 (s, 2H), 4.42 (dd, J=1 1 .4 and 2.7 Hz. 1 H), 4.03 (dd. 
J=11.4 and 6.0 Hz, 1H). 3.52 (s. 3H), 3.41 (m, 1H), 2.93 (m. 1H). 2.79 (m. 
1H); ES-LCMS m/z 278 (M+Na). 




CI — V y II I 



step B: 6-(4-chlorophenyl)^3-{(2f?)-2-[(dlmethylamino)methyll-2,3-dihydro-1.4- 
benzodioxln-6-yI}thleno[3,2-d|pyrimldin-4 (3H)-one 
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The title compound was synthesized by substituting (2R)-2-((dimethylamino) 
methyl]-2.3-dihydro-1.4-benzodioxin-6-amine (the intermediate produced from 
(2S)-2-{[(2-{I(methyloxy)methyl]oxy}-5-nitrophenyl)oxy]methyl}oxirane 
(Example 21, Step A) according to patent application WO0121577) for 2- 
[(dimethylamino)methyl]-2.3-dihydro-1 ,4-ben2odioxin-6-amine and employing 
the techniques found in Example 16. NMR (400 MHz. DMSO-de) 8 8.37 (s, 
1H). 7.97 (s. 1H). 7.93 (d. J=8.4 hz, 2H). 7.59 (d. J=8.4 Hz. 2H). 7.14 (d, 
J=2.0 Hz. 1H). 7.02 (m. 2H), 4.38 (m. 2H). 4.03 (dd, J=11.4 and 7.0 Hz, 1H), 
2.54 (d, J=6.2 Hz, 2H), 2.25 (s. 6H): ES-LCMS m/z454 (M+H). 



Example 22 




6-(4-chlorophenyl)-3-[(2S)-2-(1 -pyrrolidinylmethyl).2,3-<lihydro-1 ,4- 
benzodioxin-6-yl]thieno[3^-d]pyrimfdIn-4(3/y)-one 

The title compound was synthesized by substituting pyrrolidine for 
dimethylamine and employing the techniques found in Example 20. ^H NMR 
(400 MHz. DMSO-de) 5 8.37 (s. 1H). 7.97 (s. 1H). 7.93 (d. J=:8.4 Hz. 2H). 7.59 
(d. J=8.4 Hz. 2H). 7.14 (d. J=2.0 Hz, 1H), 7.01 (2H), 4.38 (m, 2H), 4.05 (dd, 
J=11.7 and 7.3 Hz. 1H), 2.75 (m, 2H), 2.67 (m, 4H), 1.70 (s, 4H): ES-LCMS 
/n/z 480 (M+H). 



Example 23 




6-(4-chlorophenyl)-3-[(2/?)-2.(1.pyrrolidinylmethyi).2,3-dihydro-1,4. 
benzodloxln-6-yl]thleno[3,2-cqpyrimidin-4(3H)-one 
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The title compound was synthesized by substituting pyrrolidine for 
dimethyiamine and employing the techniques found in Example 21 . NMR 



(400 MHz, DMSO-de) 5) 8.37 (s. 1H). 7.97 (s. 1H), 7.93 (d. J=8.5 Hz, 2H). 
7:59 (d, J=8.5 Hz, 2H), 7.14 (d, J=2.2 Hz, 1H). 7.01 (2H), 4.38 (m, 2H), 4.05 
5 (dd, J=1 1 .8 and 7.4 Hz, 1 H), 2.73 (m, 2H). 2.57 (m. 4H). 1 .70 (s, 4H); ES- 
LCMSiTi/z480{M+H). 



1 0 6-(4-chlorophenyl)-3-{2-[(di methylamino)methyl]-3,4^ihydro-2H-1 ,4- 
benzoxazin-6-yl}thieno[3,2-d]pyrimidin-4(3lf)-one 

The title compound was synthesized by substituting 2- 
[(dimethylamino)methyt]-3.4-dihydro-2H-1.4-benzoxazin^amine(the 

15 intemiediate produced according to patent application WO0121577) for 2- 
[(dimethyiamino)methyl]-2,3-dihydro-i ,4-benzodioxin-6-amine and employing 
the techniques found in Example 16. ^H NMR (400 MHz, DMSO-de) 6 8.35 (s, 
1H), 7.96 (s. 1H). 7.93 (d, J=8.6 Hz, 2H), 7.59 (d. J=8.6 Hz, 2H), 6.79 (d, 
J=8.4 Hz. 1H), 6.68 (d, J=2.5 Hz, 1H), 6.58 (dd. J=8.4 ahd 2.5 Hz, 1H). 6.14 

20 (s, 1H), 4.19 (m, 1H), 3.38 (m. IH). 3.05 (m, 1H), 2.50 (br, 2H), 2.25 (s, 6H): 
ES-LCMS m/z 453 (M+H). 



6-(4-chlorophenyl)-3-[2-(4-morpholinylmethyl)<3.4-dihydro-2H-1,4- 
benzoxazin-6-yl]thieno[3,2-d]pyrimidin-4(3H)-one 

The title compound was synthesized by substituting morphoiine for 



Example 24 




Example 25 
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dimethylamine and employing the techniques found in Example 24. NMR 
(400 MHz, DMSO-d6)8 8.31 (s, 1H). 7.92 (s. 1H). 7.89 (d. J=8.6 Hz, 2H). 7.55 
(d. J=8.6 Hz. 2H), 6.76 (d. J=8.4 Hz, 1H). 6.64 (d, J=2.5 Hz, 1H). 6.54 (dd. 
J=8.4 and 2.5 Hz, 1H). 6.10 (s. 1H). 4.21 (m. 1H). 3.56 (t. J=4.6 Hz, 4H), 3.38 
5 (m. 1 H). 3.05 (m, 1 H), 2.39-2.53 (m. 6H); ES-LCIVIS m/z 495 (M+H). 



Example 26 




6-(4-chlorophenyl).3-[2-(1 >pyiTolidinylmethyl).3,4-dihydro.2/|.1 ,4- 
10 benzoxazin-6-yl]thieno[3,2-d]pyrimidfn-4 (3H)-one 

The title compound was synthesized by substituting pyrrolidine for 
dimethylamine and employing the techniques found in Example 24. ^H NMR 
(400 MHz. DMSO^) 6 8.31 (s. 1H). 7.92 (s, 1H), 7.89 (d. J=8.6 Hz, 2H), 7.55 
15 (d. J=8.6 Hz, 2H), 6.76 (d. J=8.4 Hz. 1H). 6.64 (d, J=2.5 Hz, 1H). 6.55 (d. 
J=8.4 and 2.5 Hz. 1H), 6.09 (s. 1H), 4.15 (m. 1H). 3.36 (m, 1H), 3.04 (m. 1H). 
2.46-2.67 (m. 6H). 1.67 (br. 4H); ES-LCMS m/z 479 (M+H). 



Example 27 



20 




6-(4-chlorophenyl)-3-{2-[(4.m©thyl-1-piperazlnyl)methyl).3,4-dlhydro-2H- 
1 ,4-benzoxazin-6-yl}thieno(3,2-cfIpyrimldin-4 (3/y)-one 

The title compound was synthesized by substituting 4-methyl-piperazine for 
25 dimethylamine and employing the techniques found in Example 24. ^H NMR 
(400 MHz, DMSO-de) 5 8.34 (s, 1H), 7.95 (s, 1H). 7.92 (d, J=8.6 Hz. 2H), 7.58 
(d, J=8.6 Hz, 2H), 6.7£f (d. J*8.4 Hz. 1H), 6.67 (d, 2.4 Hz. 1H). 6.57 (dd. J=8.4 
and 2.4 Hz. lH), 6.12 (s. 1H). 4.21 (m. 1H). 3.39 (m. 1H), 3.06 (m, 1H). 2.20- 
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2.58 (m. 10H), 2.16 (s, 3H); ES-LCMS m/z 508 (M+H). 



Example 28 




5 6-(4-chlorophenyl)-3-(2-{[(3R)-3-hydroxy-1 -pyrrolldinylImethyl}-3,4- 
clihyclro-2H-1 ,4-benzoxazin-6-yl)thieno[3,2-cqpyrimidin-4 (3H)-one 

The title compound was synthesized by substituting (3R)-3-hydroxy- 
pyrrolidine for dimethylamlne and employing the techniques found in Example 
10 24. NMR (400 MHz. DMSO-de) 8 8.34 (s; 1 H), 7.95 (s, 1 H), 7.92 (d. J=8.6 
Hz, 2H). 7.58 (d. J=8.6 Hz, 2H), 6.79 (d. J=8.4 Hz, 1H), 6.67 (d. J=2.5 Hz, 
1H). 6.57 (dd. J=8.4 and 2.5 Hz. 1H), 6.12 (s, 1H), 4.70 (m. 1H), 4.17 (m. 1H), 
3.38 (m, 1H), 3.08 (m. 1H), 2.36-2.84 (m. 6H), 1.98 (m, 1H). 1.54 (m. 1H); ES- 
LCMS 111/^495 (M+H). 

15 

Example 29 




6-(4-chlorophenyl)-3-{6-[(dimethylamino)methyl]-5,6,7,8-tefrahydro-2- 
naphthalenyl}thleno[3,2-d]pyrimldln-4(3/f)-one 

20 

The title compound was synthesized by substituting 6-[(dimethylamino) 
methyl)-5,6,7,8-tetrahydro-2-naphthalenamine (the intermediate produced 
according to patent application WO0121577) for 2-[(dimethylamino)methyl]- 
2,3-dihydro-1 ,4-benzodioxin-6-amine and employing the techniques found in 
25 Example 16. ^H NMR (400 MHz, DMSO-de) 6 8.39 (s, 1H). 7.98 (s, 1H), 7.93 
(d, J=8.6 Hz, 2H), 7.59 (d. J=8.6 Hz, 2H), 7.24 (m, 3H). 2.95 (m, 1H), 2.82 (m, 
2H). 2.43 (m. 2H), 2.2 (br, 6H), 1 .96 (m, 2H). 1 .36 (m, 2H); ES-LCMS m/z 450 
(M+H). 
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CI V II Y 



Example 30 

,xxxo 



6-(4-chlorophenyl)^.I6-(1-pyrrolidinylmethyl)-5,6,7,8^etrahydro-2- 
naphthalenyl]thieno[3.2-d]pyrimidin^ {3H)-one 

The title compound was synthesized by substituting pyrrolidine for 
dimethylamine and employing the techniques found in Example 29. NMR 
(400 MHz. DMSO-de) 5 8.39 (s. 1H). 7.98 (s. 1H). 7.93 (d. J=8.4 Hz. 2H) 7 59 
(d. J=8.4" Hz. 2H). 7.26 (m. 3H). 2.99 (m. 1 H). 2.83 (m. 2H). 2.46 (m. 7H). 1 .98 
(m. 2H). 1.72 (m. 4H). 1.39 (m. 1H); ES-LCMS m/z 476 (M+H). 




6K4H:hloropheni^)^.t6-(1-plperldlnylmethyl).5.6,7,8-tetrahydro-2. 
naphthalenyl]thieno[3,2<qpyrimldin^(3f0^ne 

The title compound was synthesized by substituting piperidine for 
dimethylamine and employing the techniques found in Example 29. NMR 
(400 MHz. DMSO-de) 6 8.39 (s. 1H). 7.98 (s. 1H). 7.94 (d. J=8.6 Hz. 2H). 7 59 
(d. J=8.6 Hz. 2H). 7.25 (m. 3H). 2.91 (m. 1H). 2.82 (m. 2H). 2.34 (m. 4H). 2.23 
(d. J=7.1 Hz. 2H). 1.97 (m, 2H). 1.63 (m. 4H). 1.40 (m. 4H); ES-LCMS m/z 
490 (M+H). 



25 



Example 32 

I 
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I 



\ 

Me 



3-[2-(dimethylamino)-1 -methyl-l H-benzimiclazot-6-yl]-6-(4- 
. nitrophenyl)thieno(3,2-cqpyrimidin-4(3H)-one 




Step A: (22)-3-chIoro-3-(4-nitrophenyl)acrylonitrile 

(2Z)-3-Chloro-3-(4-nltrophenyl)acrylonftrile was prepared as described in J. 
Prakt Chem. 325, 915 (1983) starting with 1-(4-nltrophenyl)ethanone. 
NIS4R (400 MHz, CDCI3) 6 8.3 (d, J= 9.2 Hz. 2H), 7.9 (d. J= 9.2 Hz, 2H). 6.2 (s, 
1H). 




Step B^ Methyl 3-amlno-5-(4-nltrophenyl)thlophene-2-cart)oxylate 

Methyl thioglycolate (0.517 g. 4.87 mmol) was added to a solution of sodium 
methoxide (0.26 g, 4.87 mmol) in 10 mL of methanol at room temperature. 3- 
CWoro-3-(4-nitrophenyl)acrylonltriIe, from Step A above. (1.01 g, 4.87 mmol) 
was added and the resulting solution was heated at reflux for 10 minutes. 
The mixture was cooled to room temperature and filtered. The solid product 
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was washed with water and dried under vacuum to give 0.846 g (62 % yield) 
of a yellow solid. NMR (400 MHz, DMSO-de) 5 8.27 (d, J= 8.8 Hz. 2H), 
7.91 (d, J* 8.8 Hz, 2H), 7.18 (s. 1H). 6.67 (br s, 2H), 3.76 (s, 3H). ES-LCMS 
m/z= 278 (M*). ^ 



O 




Step C: methyl 3-{[(1£)-(dln^ethylamino)methylene]amlno)-5-(4- 
nitrophenyl)thiophene-2-carboxylate 

This compound was prepared from methyl 3-amlno-5-(4- 
nitrophenyl)thiophene-2-carboxylate from step B above as described in 
Example 1 , Step D to give the desired intermediate, NMR (400 MHz, 
DMSO-de) 5 8.2 (d, J= 8.8 Hz. 2H). 8.0 (d, J= 8.8 Hz, 2H). 7.9 (s, 1H), 7.6 (s, 
1 H). 3.7 (s, 3H), 3.0 (s, 3H). 2.95 (s, 3H). ES-LCMS m/z 333 (M*). 




Step D: 3-(2-(dimethylamino)-1-methyl-1H-benzimidazol-6-yi]-6-(4- 
nitrophenyl)thieno[3.2-d]pyrimidin-4(3H)-one 

The title compound was prepared by reaction of methyl 3-{[(1£)- 

(dlmethylaminp)methylene]amino}-5-(4-nitrophenyl)thiophene-2-carboxylate 
(Step C above) (0.200 g, 0.60 mmol) with A/^,/Sp,1-trimethyl-1H- 
.ben2imidazole-2,6-diamine (from Example 1 , Step D) (0.1 14 g, 0.60 mmol) as 
described in Example 2, Step D. The crude product was triturated with 
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methanol to give 0.158 g (59% yield) of a yellow solid. NMR (400 MHz. 
DMSO-c/e) 5 8.49 (s. 1H). 8.35 (d. J= 8.8 Hz. 2H), 8.23 (s. IN). 8.21 (d. J= 8.8 
Hz. 2H). 7.58 (m. 1H), 7.46 (m. 1H), 7.20 (m. 1H). 3.66 (s. 3H). 3.33 (s. 6 H). 
ES-LCMS m/z 447 (M+H)*. The product was dissolved in dichloromethane. 
5 an excess of trifluoroacetic acid was added and the resulting solution was 
evaporated to dryness to afford 3-[2-(dimethylamino)-1-methyl-1H- 

benzimidarol-6-ylJ-6-(4-niUophenyl)thieno[3.2-d]pyrlmidin-4(3H)-oneasthe 
trifluoroacetic acid salt. ^H NMR (400 MHz, DMSO-dg) 5 8.49 (s, 1H). 8.33 (d. 
J= 8.8 Hz. 2H). 8.24 (s. 1H). 8.21 (d. J= 8.8 Hz. 2H). 7.92 (m. 1H). 7.51 (m. 
10 1 H). 7.49 (m. 1 H). 3.80 (s, 3H). 3.27 (s. 6H). 



Example 33 




6-(2-Chlorophenyl)-3-[2-(dlmethylamino)-1-methyl-1H.benzlmi(Jazol-6- 
yl]thieno[3,2-cqpyrimidin-4(3H)-one 



O. 




Step A: methyl 5-(2-chlorophenyl)-3-{[(1 £> 
(dlmethylamino)methylidene]amino}-2-thiophenecart>oxylate 

Methyl 5-(2-chlorophenyl)-3-{[(1E)-(dimethylamino)methylidene]amlno}-2- 
thiophenecarboxylate was prepared as described in Example 32, Steps A 
through C. starting with 1-(2-chlorophenyl)ethanone. ^H NMR (400 MHz, 
DMSO-de) 6 7.8 (s. 1H), 7.7 (m. 1H), 7.6 (m. 1H), 7.4 (m. 2H), 7.2 (s, 1H). 3.7 
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(s, 3H), 3.0 (s, 3H), 2.95 (s, 3H). ES-LCMS m/z 323 (M+H). 




5 StepB: 6-(2-«htorophenyl)-3-[2-(dimethylamino)-1-methyl-1H-benzimidazol- 

6-yqthieno[3.2-d]pyrimidin-4(3H)-one 

The title compound was prepared by reaction of methyl 5-(2-chlorophenyl)-3- 
{[(1 E)-(dimethylamino)methylldene]amino}-2-thiophen6carboxylate (Step A 

10 above) (0.311 g, 0.96 mmol) with A/^,A/^,1-trimethyl-1f?-benzimldazole-2,6- 
diamine (from Example 11, Step D) (0.183 g, 0.96 mmol) as described in 
Example 2, Step D. The crude product was triturated with methanol, then 
suspended in dichloromethane and treated with an excess of trifluoroacetic 
acid. Diethyl ether was added and the precipitated trifluoroacetic acid salt 

15 was collected by filtration and dried under vacuum to give 0.185 g (35% yield) 
of a white solid. NMR (400 MHz. DMSO-cfe) 8 8.48 (s, 1H). 7.91 (s, 1H), 
7.80 (s, 2H), 7.67 (m, 1H) 7.58 (m, 1H). 7.52 (m. 3H). 3.80 (s. 3H), 3.28 (s. 
6H). ES-LCMS m/z 436 (M+H). 



20 



Example 34 




6-(4-chlorophenyl)*3>[6-(1-pyrrolidinylcarbonyl)-2- 
naphthalenyl]thieno[3,2-d|pyriinidin-4(3H)-on<6 
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COOH 



Step A: 6-[6-(4-chlorophenyl)-4K)xothieno[3.2-£/|pyrimidln-3(4H)-yl]-2- 

naphthalenecarboxylic acid 

The tme compound was prepared by reactfon of methyl 5-(4-chlorophenyl)-3- 
{[(1E)-(dimethylamino)methylidene]amino}-2-thiophenecarboxylate (from 
Example 1, Step D) (1.09 g, 3.38 mmol) and 6-amino-2- 
naphthalenecarboxylic acid (0.63 g, 3.38 mmol) as described in Example 2. 
Step D. The crude product was triturated with methanol and dried under 
vacuum to give 0.345 g (25% yield) of an off-white solid. NMR (400 MHz, 
DMSO-de) 5 8.70 (s, 1H), 8.60 (s, 1H), 8.28 (m, 1H). 8.23 (s. 1H). 8.09 (s. 2H), 
8.03 (s. 1H). 7.96 (d, J= 8.6 Hz, 2H). 7.76 (m, 1H), 7.60 (d. J= 8.6 Hz, 2H). 




Step B: 6-(4-chlorophenyl)-3-(6-(1-pyrrolidinylcarbonyl)-2- 
naphthalenyr|thleno(3,2-c(lpyrimidin-4(3H)-one 

Oxalyl chloride (0.015 mL, 0.17 mmol) and a catalytic amound of N.N- 
dimethylformamide was added to a suspension of 6-[6-(4-chlorophenyl)-4- 
oxothieno(3,2-c/Ipyrimidin-3(4H)-yl]-2-naphthalenecarboxylic acid (Step A 
above) (0.050 g, 0.12 mmol) in 2 mL of dichloromethane. The reaction 
mixture was stin-ed at room temperature for 30 minutes. The solvent was 
removed under vacuum and the residue v/as suspended in 2 mL of 
dichloromethane. Pyrrolidine (0.024 mL, 0.29 mmol) was added. The solvent 
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was evaporated and the residue was purified by chromatography on silica gel 
with a gradient of 0 to 10% methanol in dlchloromethane to afford 0.020 g 
(36% yield) of the title compound as a white solid. NMR (400 MHz, 
DMSO-c/e) 6 8.57 (s. 1H), 8.21 (m, 2H), 8.17 (m, 1H). 8.05 (m. 1H). 8.01 (s. 
1 H). 7.94 (d. J= 8.6 Hz. 2H), 7.72 (m, 2H). 7.58 (d, J= 8.6 Hz. 2H). 3.52 (m. 
2H). 3.46 (m. 2H). 1 .90 (m. 2H). 1 .83 (m. 2H). APCI-LCMS m/z 486 (M+H). 




6-(4-chlorophenyl)-3-[6-(1-piperldlnylmethyl)-2-naphthalenyl3thlenoI3^- 

cqpyriinidin-4(3/0-one 




OMe 



Step A: methyl 6-amino-2-naphthalenecarboxylate 

A mixture of 6-amino-2-naphthalenecarboxylic acid (5.00 g. 26.7 mmol), 10 
mL of concentrated sulfuric acid and 50 mL of methanol was heated at reflux 
for 1.5 hours. The reaction mixture was cooled to room temperature and 
poured into ice. then extracted with dlchloromethane. The organic phase was 
dried over sodium sulfate and the solvent removed under vacuum to give 5.1 1 
g (95% yield) of methyl 6-amino-2-naphthalenecarboxylate as a gray solid. ^H 
NMR (400 MHz. DMSO-de) 5 8.36 (s. 1H), 7.79 (m. 2H). 7157 (m, 1H). 7.05 
(m. 1H). 6.86 (s, 1H). 5.88 (s. 2H). 3.88 (s, 3H). 
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StepB: (6-amino-2-naphthalenyl)methanol 

Lithium aluminum hydride (41 mL of a 1.0 M solution In tetrathydrofuran) was 
5 added to a solution of methyl 6-amjno-2-naphthalenecarboxylate (5. 11 g, 25.4 
mmol) in 100 mL of anhydrous tetrahydrofuran while cooling in an ice bath. 
The mixture was stirred at 5 "C for 2 hours and quenched with 5 mL of water. 
The mixture was filtered and the filter cake was washed with tetrahydrofuran 
(4x30 mL). The combined filtrates were evaporated to dryness to give 4.06 g 
10 of a yellow solid. NMR (400 MHz. DMSO-de) 5 7.52 (m, 2H). 7.43 (m, 1H). 
. 7.22(m, 1H). 6.88 (m, 1H). 6.77 (s. 1H). 5.28 (s. 2H). 5.08 (m, 1H), 4.51 (m. 
2H). 




15 

Step C: /V-t6-(hydroxymethyl)-2-naphthalenylJ-2,2-dlmethylpropanamide 

Triethylamlne (1.2 mL, 8.67 mmol) was added to a suspension of (6-amino-2- 
naphthalenyl)methanol (1.00 g, 5.78 mmol) in 60 mL of chloroform. The 

20 mixture was cooled in an ice bath and pivaloyi chloride (0.81 mL, ^10.4 mmol) 
was added. The reaction mixture was stirred at 0 °C for one hour. After 
warming to room temperature, the mixture was diluted with chloroform and 
washed with 1N aqueous hydrochloric acid and water, dried over anhydrous 
sodium sulfate and concentrated under vacuum. The residue was purified by 

25 chromatography on silica gel with hexaneiethyl acetate to give 1.22 g (80% 
yield) of a yellow solid. NMR (400 MHz. CDCI3) 5 8.26 (s, 1H), 7.78 (m, 
3H). 7.47 (m, 3H), 4.83 (s. 2H), 1,66 (br s. 1H). 1.36 (s, 9H). 
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Step D: A^[6-(Chloromethyl)-2-naphthalenyl]-2.2-dimethylpropanamide 

A mixture of 6.63 g of polystyrene-triphenylphosphine resin (1.35 mmol/g. 
5 8.95 mmol), A/-[6-(hydroxymethyl)-2-naphthalenyll-2,2-dinnethylpropanamide 
(1.15 g, 4.47 mmol) in 75 mL of carbon tetrachloride was heated at reflux for 
30 minutes. The reaction mixture was cooled to room temperature and 
filtered. The resin on the filter was washed with 4x20 mL portions of ^ ' 
dichloromethane, and the filtrates were combined and evaporated under 
10 vacuum to give 0.87 g (71% yield) of a yellow solid. NMR (400 MHz. 
CDCb) 6 7.80 (m. 4H), 7.46 (m, 2H). 7.23 and 7.05 (m. 1H), 4.74 (s. 2H), 1.41 
and 1.36 (s,9H). 




15 

step E: 2,2-dimethyl-/V-[6-(1 -piperidinylmethyl>r2-naphthalenyl]propanamide 

A mixture of /V-[6-(chloromethyl)-2-naphthalenyl]-2.2-dimethylpropanamide, 
from Step D, (0.200 g. 0.73 mmol). piperidine (0.18 mL. 1.81 mmol) and 2 mL 

20 of tetrahydrofuran was heated at reflux for 1.5 hours. The solvent was 
evaporated under vacuum and the residue was purified by chromatography 
on silica gel with dichloromethanermethanol to give 0.089 g (38% yield) of the 
product as an off-white solid. NMR (400 MHz, CDCb) 6 8.27 (s, 1H), 7.80 
(m. 2H), 7.75 (s, 1H). 7.52 (s. 1H). 7.48 (m, 2H). 3.65 (s, 2H). 2.47 (m. 4H). 

25 1 .65 (m, 4H), 1 .48 (m, 2H), 1 .40 (s, 9H). 
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Step F: 6-(1-Plperidinylmethyl>.2-naphthalenamine 

5 

Aqueous hydrochloric acid (2 mL of a 2 N solution) was added to a 
suspension of 2.2-dimethy|./V-(6-(1-plperidinylmethyl).2- 

naphthalenyqpropanamide from Step E above (0.089 g. 0.27 mmol) in 1 mL of 
ethanol. The resulting solution was heated in a microwave at 110 °C for 40 

10 minutes. The cooled reaction mixture was neutralized with solid sodium 
bicarbonate and extracted with dichloromethane. The organic layer was dried 
over sodium sulfate and the solvent was evaporated to give 0.041 g 
(63%yield) of 6-(1.piperidinylmethyl)-2-naphthalenamine. NMR (400 MHz, 
CDCI3) 6 7.61 (m. 2H). 7.53 (m. 1H), 7.38 (m. 1H). 6.95 (m. 2H). 4.0 (br s 

15 2H). 3.61 (s. 2H). 2.46 (m. 4H), 1.61 (m. 4H). 1.44 (m. 2H). 



20 



25 




Step F: 6-(4-chlorophenyl).3-[6-(1-piperidlnylmethyl>-2- 
naphthalenyl]thieno(3.2-c(Ipyrimidin-4(3H)-one 

The title compound was prepared by reaction of methyl 5.(4-chlorophenyl)-3. 
{[(1E>(dimethylamino)methylldene]amlnoh2-thiophenecarboxylate (from 
Example 1. Step D) (O.055 g. 0.17 mmol) and 6-(1.piperidinylmethyl)-2. 
naphthalenamlne (Step E above) (0.041 g, 0.17 mmol) as described in 
Example 2. Step D. The crude product was triturated with methanol to give 
O.040 g (48% yield) of a white solid. NMR (400 MHz. DMSO-de) 6 8.56 (s 
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1H), 8.11 (s. 1H), 8.03 (m. 2H), 7.95 (m, 4H). 7.61 (m, 4H). 3.63 (s. 2H). 2.38 
(m, 4H), 1.52 (m, 4H). 1.42 (m. 4H). Treatment with trifluoroacetic acid as 
described in Example 31. Step B. gave 0.035 g of the corresponding salt. 
NMR (400 MHz, DMSO-de) 8 9.47 (s. 1H). 8.58 (s. 1H), 8.18 (m. 4H). 8.05 (s, 
5 1 H). 7.97 (m, 1 H). 7.79 (m. 2H). 7.60 (m. 2H). 4.52 (s, 2H). 3.41 (m. 2H), 2.95 
(m. 2H). 1.82 (m. 2H). 1.70 (m. 2H), 1.40 (m, 1H). 1.07 (m. 1H). ES-LCMS 
m/z486(M+H). 



Example 36 



10 




6-(4-chiorophenyl)-3-(6-{[(3R)-3-hydroxy-r1-pyiTolidinyi]methyl}-2- 
naphthalcfnyl)thieno[3,2-d]pyrimidin-4(3N)-one 




15 Step A: 6-(4-Chlorophenyl)-3-[6-(hydroxymethyl)-2-naphthalenyl]thieno[3,2- 

d)pyrimidin-4(3H>-one 

The title compound was prepared by reaction of methyl 5-(4-chlorophenyl)-3- 
{[(1E)-(dimethylamino)methylidene]amino}-2-thiophenecarboxylate (from 

20 Example 1, Step D) (1.86 g, 5.78 mmol) and (6-amino-2- 
naphthalenyl)methanol (from Example 35, Step B) (1.00 g, 5.78 mmol) as 
described in Example 2, Step D. The crude product was purified by trituration 
with methanol to give 1.20 g of a beige powder. ^H NMR (400 MHz, DMSO- 
de) 5 8.58 (s, 1H). 8.12 (s,* 1H), 8.07 (m. 1H). 8.03 (s. 1H), 7.96 (m. 4H). 7.59 

25 (m, 4H). 5.43 (m, 1 H), 4.73 (m, 2H). 
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step B: 6-[6-(4K;hlorophenylH-oxothieno[3.2-d]pyrimidin-3(4/y)-yq-2- 

naphthalenec^rbaldehyde 

5 

A mixture of 6-(4-chlorophenyl)-3-[6-(hydroxymethyl)-2- 

naphthalenyl]thieno[3.2-c/lpyrimidin-4(3H)-one, from Step A, (0.100 g, 0.24 
mmol) and manganese dioxide (0.207 g, 2.4 mmol) in 30 mL of chlorofomi 
was stinred at room temperature for 24 hours. The reaction mixture was 
1 0 filtered through Celite arKi the solvent evaporated under vacuum to give 0.091 
g (87% yield) of a light yellow solid. NMR (400 MHz. DMSO-de) 5 10.20 (s. 
1H). 8.70 (s, 1H), 8.60 (s. 1H), 8.34 (d, J= 8.8 Hz, 1H). 8.29 (s, 1H), 8.16 (d, 
J= 8.4 Hz. 1H), 8.0 (m, 2H). 7.93 (di J= 8.4 Hz, 2H). 7.83 (d, J= 8.8 Hz, 1H). 
7.56 (d. J= 8.6 Hz, 2H). 

15 




Step C: 6-(4-chlorophenyl)-3-(6-{[(3R)-3-hydroxy-1 -pyrrolidinyl]methyl}-2- 
naphthalenyl)thieno[3,2-c(Ipyrimidin'4(3H)-one 

20 

Sodium triacetoxyborohydride (0.1 17 g, 0.55 mmol)' was added to a mixture of 
(3R)-3-pyrrolidinol (0.019 g, 0.22 mmol) and 6-[6-(4-chlorophenyl)-4- 
oxothieno[3,2-(/|pyrimidin-3(4H)-yl]-2-naphthalenecarbaldehyde, from Step B, 
(0.091 g, 0.22 mmol) in 10 mL of dichioroethane.' The reaction mixture was 
25 stirred at room temperature for 20 hours, filtered and the filtrate evaporated to 
dryness. The residue was purified by reverse phase HPLC on a Cie column 
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eluted with a gradient of 10 to 90% acetonitrile in 0.1% formic acid to give 
0.013 g (12% yield) of the title compound as the formate salt NMR (400 
MHz. DMSO-c/e) 5 8.54 (s. 1H). 8.13 (s, 1H). 8.08 (d, J= 2.11 Hz. 1H). 8.02 (d. 
J= 9.0 Hz. 1H), 7.99 (s, 1H). 7.94 (m. 1H). 7.93 (d. J= 8.6 Hz. 2H). 7.90 (m, 
1H), 7.62 (dd. J='9.0 Hz. 2.11 Hz, 1H). 7.57 (d. 8.6 Hz, 2H). 4.68 (br s. 
1H), 4.17 (m, 1H), 3.73 (m, 2H), 2.72 (m, 1H). 2.59 (m. IH). 2.45 (m. 1H). 
2.33 (m. 1 H). 1 .98 (m. 1 H). 1 .53 (m. 1 H). ES-LCMS m/z 488 (M+H). 

Example 37 



CI 




OH 



N 

6-(4-chlorophenyl)-3-{6-[(4-hydroxy.1-piperidinyl)methyl]-2- 
naphthalenyl}thieno[3,2-d]pyrimidin^(3/f)-one 




Step A: N-(6-formyI-2-naphthalenyl)-2,2-djmethylpropanamide 

Reaction of /V-[6-(hydroxymethyl)-2-naphthalenyl]-2.2-dimethylpropanamide 
(Example 35, Step C) (0.310 g, 1.20 mmol) with manganese dioxide (1.04 g. 
12.0 mmol) following the procedure in Example 36. Step B gave 0.285 g (93% 
yield) of the title compound. ^H NMR (400 MHz, CDCI3) 5 10.12 (s, IH), 8.37 
(m. 1H). 8.27 (s, 1H), 7.96 (m. 2H), 7.92 (m, IH), 7.56 (m. 2H). 1.38 (s. 9H). 
ES-LCMS m/z 256 (M+H). 
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Step B: A/-{6-[(4-hydroxy-1-piperidinyl)methyl]-2-naphthalenyl}-2,2- 

dimethylpropanamide * 

The title compound was prepared by reaction of /V-(6-formyl-2-naphthalenyl)- 
2.2-dimethylpropanamide (from Step A above) (0.259 g, 1.01 mmol) and 4- 
hydroxypiperidine (0.102 g, 1.01 mmol) with sodium triacetoxyborohydride as 
described in Example 36, Step C. NMR (400 MHz, CDCl3).5 8.24 (s, 1H), 
7.75 (m. 2H). 7.78 (m, 1H), 7.45 (m, 3H), 3.71 (br s, 1H). 3.65 (m, 2H), 2.79 
(m. 2H). 2.22 (m, 1H), 1.91 (m. 2H). 1.60 (m, 4H), 1.37 (s, 9H). 




Step C: 1-[(6-Amino-2-naphthalenyl)methylHi3iperidinoi 

t 

The title compound was obtained from A/-{6-[(4-hydroxy-1^plperidinyl)methyl)- 
2-naphthalenyl}-2.2-dimethylpropanamide (Step B above) by the procedure In 
Example 35. Step F. ^H NMR (400 MHz. CDCI3) 6 7.62 (m^ 1H). 7.57 (m, 2H), 
7.36 (m, 1H), 6.97 (m, 1H),6.94 (m, 1H), 3.82 (br s. 1H),.3.69 (brs, 2H), 3.60 
(s, 2M), 2.79 (m, 2H). 2.18 (m, 2H), 1.89 (m. 2H), 1.61 (m, 2H). 




Step D: 6-(4-Chlorophenyl)-3-{6-[(4-hydroxy-1-plperidinyl)methylJ-2- 
naphthalenyl}thieno[3.2-t/|pyrimidin-4(3H)-one 



The title compound was prepared by reaction of methyl 5-(4-chlorophenyl)-3- 
{[(1E)-(dimethylamino)methylidene]amino}-2-thiophenecarboxylate (from 
Example 1. Step D) (0.063 g, 0.195 mmol) and 1-[(6-amlno-2- 
naphthalenyl)methyll-4-piperidinol (Step C above) (0.050 g. 0.195 mmol) as 
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described In Example 2, Step D. The crude product was triturated with 
methanol/diethyl ether, then treated with trifluoroacetic acid as in Example 33 
to give a030 g of the con-esponding salt. NMR (400 MHz. DMSO-de) 5 
9.50 (br s. 1H). 8.58 (s. 1H). 8.22 (m. 1 H). 8.14 (m. 2H). 8.04 (s. 1H). 7 96 (d 
J= 8.4 Hz. 2H). 7.78 (m. 1H). 7.72 (m. 1H). 7.61 (d. J= 8.6 Hz. 2H). 5.05 (m' 
1H). 4.5 (m. 2H). 3.2-3.4 (m. 4H). 3.05 (m. 1H). 2.0 (m. 1H). 1.95 (m 2H) 
1.61 (m. 1H). y ' h 



Example 38 




3^2-Kdlmethylamino)methylI-6<|ulnollnyl}.7.(4.ffluorophenylM(3H)- 

quinazolinone 




> 

Step A: 2-methyi-6-quinoHnamine 

To a solution of 2-methy|.6-nitroqulnollne (4.0 g. 21.3 mmol) In 150 mL ethyl 
alcohol, a catalytic amount of Pd/C was added. The mixture was stirred under 
2 atm pressure of hydrogen in a Pan- hydrogenation apparatus for 4 hours 
The mixture was filtered through celite. After the solvent was removed under 
reduced pressure, 3.3 g of the product was collected as a yellow solid ^H 
NMR (400 MHz, CDCI3) 5 7.83-7.78 (m. 2H); 7.17-7.10(m. 2H): 6.87 (d J = 
2.8 Hz. 1H); 3.88 (bs, 2H); 2.66 (s, 3H). ES-LCMS m/z 159 (M+H) 
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cr ^ 

step B: 4-chloro-W-(2-methyl-6-qulnolinyl)-2-nitrobenzamide 

A mixture of 2-methyl-6-quinolinamine (3.3 g. 20.8 mmol). triethylamine 
(5.9mL, 41.6mmol) and 4-chloro-2-nitrDbenzoyl chloride (5.0 g. 22.9 mmol) in 
DCM (60 mL) was stirred at room temperature for 3 hours. The mixture was 
diluted with DCM, washed with saturated sodium bicarbonate solution, water 
and brine. After drying over sodium sulfate, the solvent was removed under 
reduced pressure. The residue obtained was purified by flash 
chromatography eluting with 10% acetone In DCM with 1% triethylamine. The 
product was obtained as a tan solid (2.8g). NMR (400 MHz, de-DMSO) 5 
10.98 (s, 1H); 8.37(s, 1H); 8.28 (s. 1H); 8.21 (d, J = 8.4 Hz, IH); 7.98 (d, J = 
8.4Hz, IH); 7.91-7.87 (m. 2H); 7.76 (d. J = 9.2 Hz, 2H): 7.38 (d, J = 8.4 Hz. 
1 H); 3.31 (s, 3H). ES-LCMS m/z 342 (M+H). 




Step C: 2-amlno-4-chIoro-/V-(2-methyl-6-qulnolinyl)benzamide 

To a boiling solution of 4-chloro-/y/-(2-methyl-6-quinollnyl)-2-nitrobenzamlde 
(500 mg, 1,46 mmol) in ethyl alcohol (20 mL), tin chloride dihydrate (988 mg, 
4.39 mmol) was added. The mixture was refluxed for 4 hours. The solvent 
was removed under reduced pressure and the residue was dissolved in ethyl 
acetate and then washed gently with saturated Rochelle salt solution 
numerous times before washing with brine. After drying, the solvent was 
removed and the product was collected as a foam (295 mg). ES-LCMS m/z 
312 (M+H). 
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CI 



step D: 7-chloro-3-(2-methyl-6-qulnollnylH(3H)-qulnazolinone 

2-Amino-4-chloro-/V-(2-methyl-6-quinolinyl)benzamide (295 mg, 0.95 mmol) 
5 was dissolved In 5 mL formic acid and heated to reflux for 2 hours. The 

formic aclde was then removed under reduced pressure and the residue was 
dissolved in ethyl acetate. The resultant solution was washed with water, 
saturated sodium bicarbonate solution, and brine. After removing the solvent 
at reduced pressure, the residue was purified by flash chromatography eiuting 
1 0 with 1 0% acetone in DCM with 0.5% triethylamine. The product was obtained 
as an off white solid (265 mg). NMR (400 MHz. CDCts) S 8.31 (d. J = 8.4 
Hz. 1H); 8.22 (s. 1H); 8.18 (d, J = 8.4 Hz, 1H); 8.10 (d, J = 8.4 Hz. 1H); 7.84 
(s, 1H): 7.79 (s, 1H): 7.70 (d. J = 8.8 Hz. 1H); 7.52 (d. J = 8.4 Hz, 1H); 7.38 (d. 
J = 8.4 Hz, 1 H); 2.79 (s, 3H). ES-LCMS m/z 322 (M+H). 



Step E: 7-chlorQ-3-(2-methyl-1 -oxido-6-quinolinyl)-4(3H)-quinazolinone 

To a solution of 7-chloro-3-(2-methyl-6-quinolinyl)-4(3H)-qulnazolinone (530 
20 mg, 1 .65 mmol) in 30 mL DCM, m-CPBA (445 mg. 1 .98 mmol) was added. 
The mixture was warmed to 40 *C and was stirred at this temperature 
overnight. The precipitate was collected by filtration. The solid was washed 
with a small amount of saturated sodium bicarbonate solution. The product 
was collected as a white solid (460 mg). 'H NMR (400 MHz. CDCI3) 6 8.97 (d, 
25 J = 9.2 Hz, 1 H); 8.31 (d. J = 8.4 Hz. 1 H); 8.20 (s. 1 H); 7.94 (s, 1 H); 7.81 -7.77 
(m. 2H); 7,69 (d. J = 8.4 Hz. 2H); 7.54 (d. J = 8.4 Hz. 1 H); 7.43(d. J = 8.4 Hz. 
1 H); 2.76 (8. 3H). ES-LCMS m/z 338 (M+H). 



15 
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Step F: 7-chloro-3-[2-(chioromethyl)-6-quinolinyq-4(3H)-quinazolinone 

5 To a solution of p-toluenesulnonyi chloride (288 mg, 1 .50 mmol) in 25 mL 
dichloroethane, 7-chloro-3-(2-methyl-1 -oxldo-6-quinolinyl)-4(3H)- 
quinazolinone (460 mg, 1.36 mmol) was added. The resulting mixture was 
heated to reflux for 40 hours. The solvent was removed under reduced 
pressure. The resulting residue was dissolved in DCM and washed with 

10 saturated sodium bicarbonate and brine. The solvent was removed under 
reduced pressure and the residue was purified by flash chromatography 
eluting with 10% acetone in DCM with 1% triethylamine. The product was 
obtained as a while solid (235 mg). NMR (400 MHz, CDCI3) 5 8.33-8.23 
(m. 4H); 7.91(s. 1H); 7.80-7.76 (m, 2H): 7.72 (d, J = 8.8 Hz, 1H); 7.53 (d, J = 

1 5 8.4 Hz, 2H); 4.87(s, 2H). ES-LCMS m/z 356 (M+H). 




Step G: 7-chloro-3-{2-[(dlmethylamlno)methyl]-6-quinolinyl}-4(3Hy- 
quinazolinone 

20 

A mixture of 7-chloro-3-[2-(chloromethyl)-6-quinolinyl]-4(3H)-quinazollnone 
(90 mg, 0.25 mmol) and excess dimethylamine (2 M solution in methanol) was 
stirred at room temperature overnight. The reaction mixture was diluted with 
DCM and washed with water and brine. After drying, the solvent was 
25 removed under reduced pressure. The residue was purified by flash 

chromatograp'hy eluting with 10% acetone In DCM with 1% triethylamine. The 
product was obtained as a solid (76 mg). ^H NMR (400 MHz, CDCI3) 5 8.31 
(d, J = 8.4 Hz, 1H); 8.26-8.22 (m. 2H): 8.18 (d, J = 8.8 Hz, 1H); 7.86 (s. 1H); 
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7.79 (s, 1H); 7.74-7.65 (m, 2H); 7.52 (d, J = 8.4 Hz, 1H); 3.80 (s. 2H); 2.34 (s. 
6H). ES-LCMS m/z 365 (M+H). 



5 Step H: 3-{2-[(dimethylamino)methyll-6-quinolinyI>-7-(4-fluorophenyl)-4(^ 



Under anhydrous conditions, 7-chloro-3-{2-[(dimethylamlno)methyIl-6- 
quinolinyl}-4(3H)-quinazolinone 07 mg, 0.046 mmol)» 4-fluorophenyiboronic 

10 acid (13 mg, 0.093 mmol), potassium fluoride (8 mg» 0.14 mmol), di-tert- 

butylphosphinolbiphenyl (6 mg, 0.14mmol), and palladium acetate (3 mg, 0.01 
mmol) in 1 mL THF was heated to 60 for 2 hours. The mixture was filtered 
and the filtrate was diluted with ethyl acetate and washed with saturated 
sodium bicarbonate solution and brine. The organic layer was dried over 

1 5 sodium sulfate and the solvent was removed under reduced pressure. The 
residue was purified by flash chromatography eluting with 10% acetone in 
DCM with 1 % triethylamine. The title compound was obtained as a white 
solid (12.5 mg). NMR (400 MHz. CDCI3) S 8.43 (d, J = 8.4 Hz, 1H); 8.27- 
8.22 (m. 3H); 7.96 (s, 1H); 7.91 (s, 1H); 7.79-7.68 (m. 5H); 7.23-7.19 (m, 2H); 

20 3.94(s. 2H); 2.46 (s. 6H). ES-LCMS m/z 425 (M+H). 




quinazolinone 



Example 39 




25 



.7-(4-chlorophenyl)^3-{2-[(dimethylamino)methyl]-6-quinolinyl}-4(3H)- 

quinazolinone 
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The title compound was synthesized by substituting 4-chlorophenylboronic 
acid for 4-fluorophenylboronic acid and employing the techniques found in 
Example 38. NMR (400 MHz. CDCI3) 5 8.45 (d, J = 8.4 Hz. IN); 8.37-8 25 
(m. 3H); 7.99 (s. IH); 7.98 (s. 1H); 7.85-7.74 (m. 3H); 7.67 (d. J = 8.4 Hz 1H)- 
7.50 (d. J = 8.4 Hz. 1 H); 4.22 (bs. 2H): 2.72 (bs. 6H). ES-LCMS m/z 441 ' 
(M+H). 



10 



1.5 



20 




Example 40 

o 



7^4-fIuorophenyl)-3-E2K1.pyiTolldlnylmethylHKiuinolinyiH(3«). 

quinazofin'one 

The title compound was synthesized by substituting pyrrolidine for 
dimethylamine and employing the techniques found in Example 38. ^H NMR 
(400 MHz. CDCI3) 5 8.48-8.44 (m. 2H); 8.38 (d, J = 8.0 Hz. 1 H); 8.23 (d J = 
8.8Hz. IH); 8.16 (s. IH); 7.99 (s. IH); 7.95-7.89 (m. 2H); 7.85-7.81 (m. 2H); 
7.72 (d. J = 8.4 Hz, 1H); 7.27(m. 2H); 4.30 (s. 2H); 2.99(s. 4H); 1.99 (s. 4H) 
ES-LCMS m/z 451 (M+H). 



.N 



N' 




Example 41 

6.(4.chlorophenyl)-3-[2-(1-pyrrolldinylmethyl).6- 
qulnolinyllthieno[3,2-dlpyrlmidin-4(3H)-one 

25 The title compound was synthesized by employing the techniques found in 
Example 1. 
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Step A: 6-nitro-2-(1 -pyrrolldlnylmethyl)qulnollne 

This intermediate was synthesized by substituting pyrrolidine for 
5 dimethylamine and employing the techniques found in Ey,9mp\e 1 . Step B. 
NMR (400 MHz, CDCL3) 5 8.75 (d. J = 2.4Hz. IH); 8.43 (d, J = 9.2Hz. 1H); 
8.28 (d. J = 8.8Hz. 1H); 8.18 (d. J = 9.6Hz. 1H); 7.77 (d. J = 8.4 Hz. 1H); 
3.99(s. 2H); 2.64-2.61 (s. 4H): 1 .85-1 .81 (m. 4H). ES-LCMS m/z 258 (M+H). 



10 




Step B: 2-(1-pyrrolldlnylmethyl)-6-quinolinamme 



20 



25 



This Intennedlate was synthesized by employing the techniques found in 
Example 1, Step C. ^H NMR (400 MHz. CDCL3) 6 7.87 (m. 2H); 7.49 (d. J = 
15 8.4Hz. 1H); 7.12 (d. J = 8.4Hz. 1H); 6.88 (s. IH); 3.92(s. 2H); 3.92 (bs. 1H); 
2.66 (bs, 4H); 1 .84-1 .80 (m, 4H). ES-LCMS m/z 228 (M+H). 



N 

Step C: 6-(4-chlorophenyl)-3-[2-(1.pyrrolidinylmethyl)-6- 
quinolinyl]thienoI3,2-</Jpyrimidin-4(3H)-one 

The title compound was synthesized by substituting 2-(1-pyrrolldinylmethyl)-6- 
quinollnamine for 2-I(dlmethylamino)methyl]-6-quinolinamine and employing 
the techniques found in Example 1. step E. ^H NMR (400 MHz. CDCIg) 5 
8.25-8.23 (m. 2H); 8.18 (d. J = 8.4Hz. 1H); 7.88 (d. J = 2.4Hz. 1 H); 7.75-7 70 
(m. 2H); 7.67 (d. J = 8.4 Hz. 2H); 7.56 (s. 1H); 7.45 (d. J = 8.8 Hz); 3.99(s. 
2H): 2.63 (bs. 4H): 1 .85-1 .82 (m, 4H). ES-LCMS m/z 473 (M+H). 
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Example 42 



10 



15 



F O (^^^\ / 



6K4H>hlorophenyl).3K2Hdimelhylamino).H2^dln,eU.ylamim,)e|hy,j.iH. 
benzlmid«ol*yl}th,eno[3J!Hflpyrim|dln-K3H)^Wfl„oroacetate 

I* II 
\ 

Step A: A^-(2-bromo-5.nitrophenyimA/-dlmethylca.rt>amlmid^^ chloride 

/V-(Dlchloromethylldene).A/.methyImethanaminium chloride (1 76 g 10 8 
mmol) and 2.bromo.5.n,troanlllne (2.12 g. 9.79 mmol) were heated to reflux In 
methylene chloride (approximately 100 mL) for 16 hours. The- reaction 
mixture was concentrated by rotary evaporation. The crude yellow solid was 
used without further purification. 



step B: A/'-(2-Bromo-5-nltrophenyl^Ar-.[2-(dimethylamino)ethyl]-A/.A/- 

dimethylguanidine 

20 Ar-(2-Bromo.5-nitrophenyim/V.dlmethylcarbamlmidio chloride (the cmde 
.ntennedlate produced In Example 42. Step A; 600 mg, 1.9 mmol) 
triethylamine (272 m. 0.727 mmol) and /V.A/-dlmethyl-1.2.ethanediamine (645 
Ml. 5.88 mmol) were heated at reflux in THF (approximately 50 mL) for 14 
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hours. The reaction mixture was diluted with water, made basic with 1 N 
NaOH then extracted with ethyl acetate. The organic layers were dried over 
MgS04. filtered and concentrated to give desired intermediate (690 mg 1 9 
mmol). NMR (400 MHz. CDCI3) 5 2.2 (s. 6 H) 2.4 (m. 2 H) 2.9 (s 6 H) 3 0 
(m. 2 H) 7.5 (dd. J=8.6. 2.6 Hz. 1 H) 7.6 (m. 2 H). ES^ = 358.28 and 360 19 



o 

step C: 142KDimethylamino)ethyl>A/.A/-dimethyl-5-nltro-1H-benzimldazol-2- 
r amine 

(W+)-2.2'^ls(diphenylphosphlno)-1.r.binaphthly (BINAP) (124 mg, 0.195 
mmol) and cesium carbonate (899 mg. 2.77 mmol) were added to a THF 
(approximately 25 mL) solution of Ar-(2.bromo-5-nitrophenyl)./V".[2- 
(dimethylamlno)ethylhA/.N-dimethylguanldine (the intemiediate produced In 
Example 42. Step B; 395 mg. 0.06 mmol). The reaction flask was flushed 
with dry nitrogen. Pd(OAc). (30 mg. 0.134 mmol) was added and the reaction 
was heated at 75 "C for 14 hburs. The reaction was incomplete 6y HPLC so 
additional portions of Pd(OAc)2 (30 mg. 0.134 mmol) and BINAP (124 mg 
0.195 mmol) were added until the reaction was complete (In this case onty 
one additional portion of each was necessary). After heating at 75 --C for an 
additional 24 hours the reaction appeared complete by HPLC. The reaction 
was diluted with water and made acidic with 1 N HCI. A precipitate was 
filtered away and the filtrate was made basic with 1 N NaOH. This mixture 
was extracted with ethyl acetate (2x). The organic layer was dried over 
MgS04, filtered and concentrated by rotary evaporation. The crude material 
was purified by silica gel chromatography (0 to 5% methanolic 2N NH3 in 
methylene chloride) to give the desired intermediate (165 mg. 0.60 mmol) ^H 
NMR (400 MHz. CDCI3) 6 2.3 (s. 6 H) 2.7 (t. J^7.6 Hz. 2 H) 3.1 (s. 6 H) 4 2 (t 
^-7.4 Hz. 2 H) 7.2 (d. J=8.8 Hz. 1 H) 8.1 (dd. J=8.8. 2.2 Hz. 1 H) 8.4 (d J=2 2 
Hz. 1 H). ES+ ft 278.26 
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\ 

N- 



step D: 142-(dimethylamino)ethyll-A/2 /^-dimethyl-lH-benzlmfdazol^^ 

diamine 

An ethyl acetate (approximately 60 mL) solution of H2-(dimethylamlno)ethyll. 
A/./V-dlmethy|.5^ftro-1H.benzlmfda2o|.2-amine (the intemiediate produced in 
Example 42. Step C; 1 10 mg. 0.38 mmol) was shaken with approximately 50 
mg lOo/o Pd on Carbon at 40 PSI on a Parr hydrogenator for 15 minutes. The 
reaction was filtered and concentrated to give the desired Intermediate (100 
mg, 0.46 mmol). 



F o r<^V / 



F 

CI 



step E: 6-(4-chIorophenyl)-3-{2-(dlmethylaminoM-[2-(dimethylamlno)ethya- 
1H-benzimida2ol-5-yl}thieno[3.2-cyipyrimldin-4(3H)^netrifluoroacetate 

A solution of 1-[2-(dimethylamlno)ethylh/V=^.A/2KlimethyI.1H-benzlmldazole.2 6- 
diamine amine (the intemiediate produced in Example 42, step D; 100 mg 
0.46 mmol) in 2 mL of methylene chloride was added to a test tube contalriing 
1 g of phenol and methyl 5-(4-chlorophenyl)-3-{[(E)- 

(dimethylamino)methylidenelamino^2-thiophenecarboxylate (the intermediate 
produced In Example 1. Step D; 148 mg. 0.46 mmol). The reaction mixture 
was heated In an aluminum heat block from room temperature to 180 »C for 
30 minutes. The reaction mixture was allowed to cool then dissolved In 
methanol and absorbed onto silica. The product was purified by silica gel 
column chromatography (0 to 10% methanolic 2 N NH3 solution in methylene 
chloride). This compound was further purified by preparative HPLC 
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Chromatography (20% to 70% acetonitrile in water over 5 minutes) then 
iyophilized to give the title compound as a white powder (25 mg, 0,05 mmol). 

NMR (400 MHz, DIVISO-(/6) 5 2.9 (s, 6 H) 3.2 (s. 6 H) 3.6 (t, J=7.4 Hz, 2 H) 
4.6 (t. J=7.1 Hz. 2 H) 7.5 (dd, J=8.4, 1 .9 Hz, 1 H) 7.6 (d, J=8.8 Hz. 2 H) 7.7 (d. 
5 7=2.1 Hz. 1 H) 7.8 (d, J=8.6 Hz, 1 H) 7.9 (d. J=8.6 Hz, 2 H) 8.0 (s, 1 H) 8.4 (s. 
1 H) 10.2 (s, 1 H). ES+ = 493.4 > 

Example 43 

o^ 

-S-OH 

o 

10 6-<4-chlorophenyl)-3-{2-(dimethylamino)-1-[4-(methyloxy)phenyl]-1H- 
benziniidazol-5-yl}thieno(3,2-cqpyrimidin-4(3H)-one methanesulfonate 




15 Step A: A/'-(2-bromo-5-nltrophenyl)-iV,N-dimethyl-/sr'-[4- 

(methyloxy)phenyl]guanidine 

A solution of /V,/7-dimethyl-A/'-[4-(methyloxy)phenyllurea (0.50 g, 2.57 mmol), 
2-bromo-5-nitroanlline (0.5 g, 2.3 mmol), POCI3 (360 pi, 3.86 mmol) and 

20 triethylamine (393 nl, 2.8 mmol) in toluene (approximately 50 mL) was heated 
at 1 10 •»C in tdluene for 14 hours. The reaction mixture was concentrated by 
rotary evaporation. The solid was partially re-dissolved in ethyl acetate. 
Water and 1 N NaOH (to pH >10) were added and solid material that did not 
dissolve was filtered away. The filtrate was extracted with ethyl acetate (3x), 

25 dried over MgS04 and concentrated. This material was further purified by 
silica gel column chromatography (0 to 10% methanolic 2N NH3 solution in 
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methylene chloride) to give the desired intermediate (475 mg, 1.21 mmoi). 
NMR (400 MHz. CDCb) 5 3.0 (s. 6 H) 3.7 (s, 3 H) 6.7 (d, J=9.0 Hz, 2 H) 6.9 
(d, J=8.8 Hz. 2 H) 7.5 (dd. J=8.8, 2.6 Hz. 1 H) 7.6 (d. J=8.6 Hz, 1 H) 7.7 (m. 1 
H). ES+ = 393.16 and 395.1 8 



Step B: 6-(4-chlorophenyl)-3-{2-(dfmethylamlno)-1-[4-(methyloxy)phenyl]-1H- 
benzimidazol-5-yl}thleno[3.2-</Ipyrimidin-4(3H)-one methanesulfonate 

The title compound was prepared from Ar-(2-bromo-5-nitrophenyl>-A/,A^ 
dimethyl-Af'-[4-(methyloxy)phenyl]guanidine (the intermediate produced in 
Example 43, step A) using experimental procedures similar to Example 42, 
Steps C, D and E. ^H NMR (400 MHz, DMSO-de) 5 2.3 (s, 3 H) 2.9 (s, 6 H) 
3.9 (s, 3 H) 7.0 (d. J=8.6 Hz. 1 H) 7.2 (d. J=8.8 Hz, 2 H) 7.3 (m. 1 H) 7.6 (m. 5 
H) 7.9 (d. J=8.6 Hz. 2 H) 8.0 (s, 1 H) 8.4 (s, 1 H). ES+ = 528.16 



6-(4-chlorophenyl)-3-(2-(dimethyIamIno)-1-{[4- 

(methyloxy)phenyl]methyl}.1H-benzimidazol-5-yl)thieno[3,2.d]pyrimidin- 

4(3A/)-one hydrochloride 

The title compound was prepared by substituting 1-[4-(methyloxy)phenyl]- 
methanamine for W,/V-dimethyl-1 .2-ethanediamine using the methods detailed 




o 



Example 44 
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In Example 42. Steps B through E. NMR (400 MHz. DMSO-cf6) 6 3.2 (s, 6 
H) 3.7 is. 3 H) 5.5 (s. 2 H) 6.9 (d. J=8.8 Hz, 2 H) 7.2 (d, J=8.6 Hz, 2 H) 7.4 (m, 
1 H) 7.5 (m. 1 H) 7.6 (d, J=8.6 Hz. 2 H) 7.7 (m, 1 H) 7.9 (d, J=8.6 Hz. 2 H) 8.0 
(s. 1 H) 8.4 (s, 1 H). ES+ = 542.25 



6-(4-chlorophenyl)-3-(1 -inethyl-2,3-dihydro-1 H-imidazo[1 ,2- 
a]benzlmidazol-7-^)thieno[3,2-eqpyriinidin-4(3H)<onetrifluoroacetate 



Step A: 1,1-Dimethylethyl {2-[5-amino-2-^dimethylamino>-1H-benz)midazol-1- 

yl]ethyi}nriethylcarbamate 

This intermedjate was prepared using similar experimental procedures as in 
Example 42, step B (substituting 1,1-dimethylethyl (2- 
aminoethyl)methylcarbamate for A/,A/-dlmethyl-1,2-ethanedlamlne), step C 
and step D. This Intermediate was used without further purification. 



1 ,1 -DImethylelhyl {2-[5-amino-2-(dimethylamlno)-1 H-benzimidazol-1 -yl]ethyt}- 
methyicarbarriate (the intermediate produced in Example 45. step A; 94 mg, 
0.30 mmol) and methyl 5-(4-chlorophenyl)-3-{[(E)-(dlmethylamino)- 
meth^idene]amino} -2-ttiiophenecarboxylate (the intermediate produced in 



Example 45 





Step B: A mixture of two products 
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Example 1, step D; 100 mg, 0.31 mmol) were combined using the 
experimental procedure as in Example 42 step E to give two compounds. 



Example 45, Step B, Product 1: (6-(4-chlorophenyl)-3-(1-methyl-2,3-dihydro- 
1H-imidazo[1,2-a]benzimidazoi-7-yl)thieno[3.2-c()pyrimidin-4(3H)-one 

trifluoroacetate) 

10 The title compound was isolated by preparative HPLC (6 mg, 0.012 mmol): 
NMR (400 MHz. DMSOd6) 5 3.1 (s, 3 H) 4.2 (m, 2 H) 4.3 (m. 2 H) 7.3 (m. 
1 H) 7.5 (m, 1 H) 7.6 (d, J=8.6 Hz. 2 H) 7.6 (m, 1 H) 7.9 (d, J^A Hz, 2 H) 8.0 
(s, 1 H) 8.4 (s. 1 H). ES+ - 434.15 



Example 45, Step B, product 2: 1 ,1-dimethylethyl {2-(5-[6-(4-chlorophenyl)-4- 
oxothieno[3,2-c/lpyrimidin-3(4H)-ylJ-2-(dimethylamino)-1H-benzimidazol-1- 
yl]ethyl}methylcarbamate Approximately 5 mg of this intermediate was 
20 carried on to Example 46. 




5 



15 




Example 46 
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6-(4-chlorophenyi).3H[2-(diniethylainino).1-[2-(methylamino)ethyl]-1A/. 
benzimidazol-5-yl}thieno[3.2-dlpyrimidin-4(3N)-one trifluoroacetate 

5 1,1-Dimethytethyi {2-[5-[6-(4K;htorophenyt)-4-oxothieno[3.2-<y]pyi1midin-3(4H)- 
yll-2-(dlmethylamino)-1 H-benzimldazol-1-yl]ethyl}methylcarbamate (Example ' 
45, Step B product 2; 5 mg) was dissolved in 1 mL methylene chloride and 1 
mL TFA. After 30 minutes the reaction was concentrated to give 3 mg of the 
title compound. NMR (400 MHz, DMSO-d6) 5 2.7 (t. J=5.2 Hz, 2 H) 3.2 (s. 
10 6 H) 3.4 (m. 2 H) 4.5 (t, J=7.4 Hz. 2 H) 7.5 (m. 1 H) 7.6 (d, J=8.6 Hz, 2 H) 7.7 
(d, J=1 .9 Hz, 1 H) 7.7 (d, J=8.8 Hz; 1 H) 7.9 (d. J=8.6 Hz. 2 H) 8.0 (s. 1 H) 8.4 
(s, 1 H) 8.7 (s, 2 H). ES+ = 479.25 



Example 47 . 



15 




6-(4-chlorophenyl)^.[2-(dlmethylamIno)-1 -(2-piperidinylmethyl)-1 «- 
benzlmidazol-5-yl]thieno[3,2-</Ipyrimidin-4(3//)-Qne trifluoroacetate 

The title compound was prepared using experimental procedures similar to 
20 Example 42, Step B (substituting 1 ,1-dimethylethyl 2-(aminomethyl)-1- 
piperidinecarboxylate for A/,/V-dimethyl-1 ,2-ethanediamine). Example 42. 
Steps C through E and the amine deprotection employed in Example 46. ^H 
NMR (300 MHz. DMSO-de) 5 1 .6 (m. 6 H) 3.0 (s. 6 H) 4.4 (m. 2 H) 7.3 (m, 1 
H) 7.6 (m, 4 H) 7.9 (d. J=8.8 Hz, 2 H) 8.0 (s, 1 H) 8.4 (s, 1 H) 8.5 (m, 1 H) 8.7 
25 (m, 1 H). ES+ = 519.21 
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3-[1 -(2-aininoethyl)-2-(cliinethylaniino)-1 H-benzfmidazoi-5-yl]-6-(4- 
5 chlorophenyl)thieno[3,2-cqpyrimidin-4(3/f)-one trifluoroacetate 



The title compound was prepared using experimental procedures similar to 
Example 42, Step B (substituting 1.1-dimethytethyl (2-aminoethyl)carbamate 
for A/,W-dimethyl-1,2-ethanediamine), Example 42 steps C through E and the 
10 amine deprotection employed in Example 46. NMR (400 MHz, DMSO-de) 
5 2.9 (s, 6 H) 3.2 (t. J=7.3 Hz, 1 H) 4.3 (t, J=7.9 Hz. 2 H) 7.2 (dd, J=8.2. 1.8 
Hz, 1 H) 7.5 (d, J=8.4 Hz, 1 H) 7.6 (d, J=2.2 Hz, 1 H) 7.6 (m. 2 H) 7.9 (m, 4 H) 
8.0 (s, 1 H) 8.4 (s, 1 H). ES+ = 465.08 

15 Example 49 




3-[1 -{2-[bis(1 -methylethyOami no]ethyl}-2-(dimethylamino)-1 A/- 
benzimidazol-5-yll-6-(4-chlorophenyl)thieno[3,2-cqpyrimidin-4(3H)-one 

hydrochloride 

20 

The title compound was prepared using experimental procedures similar to 
Example 42, Step B (substituting A/,/V-bis(1-methylethyl)-1,2-ethanediamine 
for /S/,/V-dimethyl-1,2-ethanediamine) and Example 42 steps C through E. ''H 
NMR (400 MHz, DMSO-de) 6 1.3 (d. J:=6.4 Hz. 6 H) 1.4 (d, J=6.6 Hz, 6 H) 3.2 
25 (s; l>r, 6 H) 3.4 (m, 2 H) 3.8 (m, 2 H) 4.8 (m, 2 H) 7.4 (m. 1 H) 7.6 (d, J=8.8 Hz. 
2 H) 7.7 (m, i H) 7.8 (m. 1 H) 7.9 (d, J=8.8 Hz. 2 H) 8.0 (s, 1 H) 8.4 (s. 1 H). 
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ES+ = 548.78 



Example 50 




F 




5 6-(4-chlorophenyl)-3-[2-(dimethylamino)-1 -(3-morpholin-4-ylpropyl)-1 H- 
benzimidazol-5>yi]thieno[3,2-d]pyrimiclin-4(3^-one trifiuoroacetate 

/""V-OH 



10 A solution of S-amino-l-propanol (7.86 mL, 103 mmol) in ethanol (30 mL) was 
treated with triethylamine (14.3 mL, 103 mmoJ), followed by dropwise addition 
of 2,4-dinitrofluoroben2ene (8.6 mL, 69 mmol). The reaction mixture was 
stirred for one hour and then heated in a sealed tube at 80 °C overnight. 
Concentration, followed by column chromatography on silica get using 

16 methylene chloride afforded 3-[(2,4-dinitrophenyl)amino]propan-1-ol as a 
yellow solid (14.3 g, 86%). NMR (300 MHz, DMSO-cfe) 5 1.8 (m. 2 H) 3.6 
(m, 4 H) 4.8 (s. 1 H) 7.2 (d, J=9.7 Hz, 1 H) 8.3 (ddd. J=9.7, 2.8, 0.8 Hz, 1 H) 
8.9 (d. J=2.8 Hz, 1 H) 9.1 (m, 1 H). 




Step A: 3-[(2,4-dinitrophenyl)amino]propan-1-ol 



/""X-OH 



20 




Step B: 3-[(2-amino-4-nitrophenyl)amino]propan-1-ol 



A solution of sodium d'rthlonite (28.9 g, 166 mmol) in water (100 mL) was 
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added slowly to a solution of 3-l(2,4-dinitrophenyl)amino]propan-1-ol (the 
intermediate produced in Example 50, Step A; 10.0 g, 41.5 mmol) in 
ethanol:dioxane (160:160 mL) at 40 'C. The reaction mixture was warmed to 
80 'C, stirred for 90 minutes, and then cooled to room temperature. The 
solids were filtered and solution was concentrated. The residue was taken up 
in water and washed with dichloromethane. The combined organics were 
dried a>id the solvent was removed in vacuo. The residue was recrystalized 
from methanol:dichloromethane to yield 3-[(2-amino-4- 
nitrophenyl)amino]propan-1-ol as a brown solid (3.1 1 g, 36% yield). ^H.NMR 
(400 MHz, DMSO-de) 5 1.7 (m. 2 H) 3.2 (m, 2 H) 3.5 (m, 2 H) 4.5 (m, 1 H) 5.1 
(m. 2 H) 5.9 (m. 1 H) 6.5 (d, J=9.0 Hz, 1 H) 7.4 (dd. J=2.8 Hz, 1 H) 7.6 (dd. 
J=8.8, 2.6 Hz, 1 H). 



Step C: 1-(3-chloropropyl)-/V,A/-dimethyl-5-nitro-1H-benzimidazol-2-amine 

Phosgene iminium chloride (693 mg, 4.27 mmol) was added to a solution of 
triethytamine (792 pL, 5.68 mmol) and 3-[(2-amino-4- 
nitrophenyl)amino]propan-1-ol (the intennediate produced in Example 50, 
Step B; 300 mg, 1.42 mmol) in dichloroethane (18 mL) at 80 °C. The reaction 
mixture was stirred at reflux for 25 minutes, cooled to room temperature and 
quenched with methanol. The reaction was diluted with dichloromethane, 
washed with brine, dried, and concentrated. The residue was purified on 
silica gel (0-8% MeOH/CHaGIa) to afford 1-(3-chloropropyl)-ys/.A/-dimethyl-5- 
nitro-1H-benzimldazol-2-amine as a tan solid (250 mg, 62 % yield). ^H NMR 
(400 MHz^CDCIa) 5 2.3 (m. 2 H) 3.1 (m, 6 H) 3.5 (t, J=5.9 Hz, 2 H) 4.3 (m, 2 
H) 7.2 (d, J=8.8 Hz, 1 H) 8.1 (dd, >8.8, 2.2 Hz. 1 H) 8.4 (d, J=2.1 Hz, 1 H). 
LCMS m/z = 283 (m + H*). 
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Step D: A/,A/-dimethyl-1-(3-morpholin-4-ylpropyl)-5-nitro-1 H-benzimida2ol-2- 

amine 

5 A'solution of 1 -{3-chloropropyl)-A/,A/-dlmethyI-5-nltro-1 Ay-benzimidazol-2- 
amine (the Intermediate produced In Example 50, Step C; 122 mg, 0.432 
mmol) in THF (6 mL) was treated with excess morpholine. followed by excess 
potassium carbonate. The reaction was heated at 90 'C In a sealed tube for 
two days. The reaction mixture was cooled to room temperature, 

10 concentrated, dissolved in dichioromethane. washed with brine, and extracted 
with dichioromethane. The combined organlcs were dried and 
chromatographed on silica gel (0-5% 2.0 N NH3 in MeOH/CHzCb) to provide 
N,/V-dimethyl-1 -(3-morpholin-4-ylpropyl)-5-nltro-1 f/-benzimidazol-2-amine as 
a yellow oil (142 mg, 98% yield). NMR (400 MHz, CDCI3) 6 2.0 (m, 2 H) 

15 2.3 (t. J=6.6 Hz, 2 H) 2.3 (m. 4 H) 3.0 (m, 6 H) 3.7 (m, 4 H) 4.2 (t, J=7.2 Hz, 2 
H) 7.2 (d, J=8.8 Hz. 1 H) 8.0 (dd. J=8.8, 2.2 Hz, 1 H) 8.4 (d. J=2.2 Hz, 1 H). 
LCMS m/z = 334 (m + H*). 




Step E: 6-(4-chlorophenyl)-3-[2-(dimethylamino)-1 -(3-morpholin-4-ylpropyl)- 
1H-benzlmidazol-5-yl]thieno[3,2-c(]pyrimidin-4(3H)-onetrifluoroacetate 



25 



W,/S/-dimethyI-1 -(3-morpholin-4-ylpropyI)-5-nitro-1 H-benzimldazol-2-amine (the 
intermediate produced in Example 50, Step D; 152 mg, 0.456 mmol) in 
ethanol was treated with a catalytic amount of Pd/C (10%) and stirred under 
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hydrogen gas (40 psi) for one hour. The reaction mixture was filtered through 
Celite and concentrated. This crude material was treated with methyl 5-(4- 
chlorophenyl)-3-{[(E)-(dimethylamino)methylidene]amino}-2- 
thiophenecarboxylate (the intennedlate produced In Example 1, Step D; 155 
5 mg, 0.479 mmol) In phenol (1 mL) and dichlorometharie (4 mL), warmed to 
130 C and stirred for ~30min. The reaction was cooled and purified on silica 
gel (0-5% 2.0 N NH3 in MeOH/CHaClz). The compound was dissolved in. 
dichioromethane. treated with two equivalents of trifluoroacetic acid and 
concentrated to provide 231 mg of 6-(4-chlorophenyl)-3-[2-(dimethylamino)-1- 

1 0 (3-morpholin-4-ylpropyl)-1 H-benzimidazol-5-yl]thieno[3,2-d]pyrimldin-4(3H)- 
one trifluoroacetate (the title compound) as a white solid. NMR (TFA salt, 
300 MHz, DMSOds) 5 2.2 (m, 2 H) 3.1 (m, 2 H) 3.2 (m, 6 H) 3.3 (m, 2 H) 3.4 
(m. 2 H) 3.6 (m. 2 H) 4.0 (m. 2 H) 4.3 (t. J=8.6 Hz. 2 H) 7.4 (d. J=8.0 Hz. 1 H) 
7.6 (dt. J=8.6, 2.8 Hz. 2 H) 7.7 (d. J=1.7 Hz. 1 H) 7.7 (d. J=8.6 Hz. 1 H) 7.9 

16' (dt, 7=8.8, 2.5 Hz. 2 H) 8.4 (s. 1 H) 9.9 (bs. 1 H). APCI-LCMS m/z = 549 (m + 



20 , 6.(4K:hlorophenyl)-3.[2'(dimethylamino)-1 -(3-piperldln-1 -ylpropyl)-1 H- 
benzfm!dazol-5-yl]thieno[3,2.cqpyrimidin-4(3H)-one trifluoroacetate 

.The title compound was synthesized by substituting piperadine for morpholine 
and employing the techniques found in Example 50, Steps D and E. ^H NMR 
25 (TFA salt. 300 MHz. DMSO-cTe) 5 1 .4 (m, 1 H) 1 .6 (m. 3 H) 1 .8 (m, 2 H) 2.2 (m, 
2.H) 2.9 (m. 2 H) 3.1 (m, 6 H) 3.2 (m, 2 H) 3.4 (m. 2 H) 4.3 (m, 2 H) 7.4 (d, 
J=8.3 Hz. 1 H) 7.6 (m. 2 H).7.6 (d, J=1.9 Hz. 1 H) 7.7 (d. J«8.3 Hz. 1 H) 7.9 
(S, 2 H) 8.0 (m. 1 H) 8.4 (s. 1 H) 9.2 (bs. 1 H): APCI-LCMS m/z = 547 (m + 



Example 51 
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Example 52 



5 




6-(4<:hlorophenyl)-3-(2-(dinnethylamino)-1 -(3-pyrroliciin-1 -ylpropyl)-1 H- 
benziinidazol-5-yqthieno[3,2-cqpyrimidin-4(3fO-onetrifluoroacetate 

The title compound was synthesized by substituting pyrrolidine for morpholine 
10 and employing the techniques found in Example 50, Steps D and E. NMR 
(TFA salt, 400 MHz. DMSO-de) S 1 .9 (m. 2 H) 2.0 (m, 2 H) 2.2 (m, 2 H) 3.0 (m. 
2 H) 3.2 (m, 6 H) 3.3 (m, 2 H) 3.5 (m, 2 H) 4.3 (t. J=7.4 Hz, 2 H) 7.4 (d, J=9.1 
Hz, 1 H) 7.6 (dt. J=8.6, 1 .9 Hz, 2 H) 7.7 (d, J=1 .9 Hz, 1 H) 7.7 (d, J=8.4 Hz, 1 
H) 7.9 (dl. J=8.8, 2.1 Hz, 2 H) 8.0 (s; 1 H) 8.4 (s. 1 H) 9.9 (bs. 1 H). APCI- 
15 LCMS m/z = 533 (m + H*). ^ 



Example 53 




6-(4-chlorophenyl)-3-(2-(dimethylamlno)-1-{3- 
[ethyl(methyl)amino]propyl>.iH-benzimidazol-5-yl)thieno[3,2- 
cqpyrimidln-4(3f#)-one trifluoroacetate 

The title compound was synthesized by substituting N-ethylmethylamine for 
morpholine and employing the techniques found in Example 50, Steps D and 
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E. NMR (TFA salt. 400 MHz. DMSO-dg) 5 1.2 (t, J=7.2 Hz, 3 H) 2.1 (m. 2 
H) 2.7 (d, J=5.0 Hz. 3 H) 3.1 (m. 2 H) 3.2 (s. 6 H) 3.2 (m. 2 H) 4.3 (t. J=7.9 Hz. 
2 H) 7.4 (d. J=7.2 Hz. 1 H) 7.6 (dt. J=8.8, 2.2 Hz, 2 H) 7.6 (d, J=1.7 Hz, 1 H) 
7.7 (d, J=8.1 Hz. 1 H) 7.9 (dt. J=8.8, 2.1 Hz, 2 H) 8.0 (s, 1 H) 8.4 (s. 1 H) 9.4 
5 (bs. 1 H). APCI-LCMS m/z = 521 (m + H*). 



Example 54 




te/t-butyl {3-[5-[6-(4-chlorophenyl)-4-oxothieno[3^-d|pyriiniclin-3(4H)-yl]. 
10 2-(diinethylamino)-1 H-benzimidazol-1 -yl]propyl}inethylcarbamate 

H 

OX 

Step A: yv. A/-dimethyl-1 -[3T(methylamino)propyl]-5-nrtro-1 H-benzimidazol-2- 

amine 

15 

The title compound was synthesized by substituting metliyiamine for 
morphollne and employing the techniques found in Example 50, Step D. ^H 
NMR (300 MHz, CDag) 5 2.0 (m, 2 H) 2.4 (s. 3 H) 2.6 (t. J=6.6 Hz, 2 H) 3.1 
is. 6 H) 4.2 (m, 2 H) 7.3 (d, J=8.8 Hz. 1 H) 8.1 (dd. J=8.8, 2.2 Hz. 1 H) 8.4 (d, 
20 J=2.2 Hz. 1 H). APCI-LCMS m/z = 278 (m + H*). 
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/ 




Step B: tert-bufy\ {3-[5-amino-2-(dimethylamino)-1H-benzimidazol-1- 

yt]propyl}methyicarbamate 



6 /V. A/-Dimethyl-1 -[3-(methylamino)propyll-5-nitro-1 H-benzimidazol-2-amine (the 
intermediate produced in Example 54, Step A; 87 mg, 0.31 mmot) in ethanol 
was treated with a catalytic amount of Pd/C (10%) and stirred under hydrogen 
gas (40.psi} for one hour. The reaction mixture was filtered through Celite 
and concentrated. This crude material was taken up in dichloromethane, 

10 treated with di-ferf-butyi dicarbonate {69 mg, 0.31 mmol). The reaction 
mixture was stinred for one hour and then purified on silica gel (0-10% 2 N 
NH3 in MeOH/CH2Cl2) to provide the title compound (50 mg, 46% yield). 
NMR (300 MHz, CDCI3) 5 1.5 (s. 9 H) 2.0 (m, 2 H) 2.8 (s, 3 H) 3.0 (s, 6 H) 3.3 
(m. 2 H) 3.6 (m, 2 H) 4.0 (m. 2 H) 6.6 (dd, J=8.3, 2.2 Hz. 1 H) 6.9 (m, 2 H). 

15 APCI-LCMS m/z = 348 (m + H*). 



/ 




Step C: feff-butyl {3-[5-[6-(4-chIorophenyl)-4-oxothieno[3,2-d]pyrimldin-3(4H)- 
yl]-2-(dimethylamino>-1 H-benzimidazol-l -yi]propyl}methylcarbamate 

20 

A solution of terf-butyl {3-[5-amino-2-(dimethylamino)-1H-benzimidazol-1- 
yl]propyl}methylcarbamate (the intermediate produced in Example 54, Step B; 
50 mg, 0.14 mmol) in phenol (1 mL) and dichloromethane (5 mL) was treated 
with the intermediate produced in Example 1, Step D (51 mg,.0.16 mmol), 
25 heated to 100 "C, and stirred for 3() minutes. The reaction was cooled and 
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purified on silica gel (0-10% 2.0 N NH3 in MeOH/CHaCb) to provide the tiUe 
compound as a white solid (29 mg). NMR (TFA salt, 400 MHz, CDCI3) 5 
1 .5 (s. 9 H) 2:1 (m, 2 H) 2.9 (m, J=17.8 Hz. 3 H) 3.1 (s. 6 H) 3.3 (s. 2 H) 4.1 (t, 
J=7.9 Hz, 2 H) 7.2 (d. J=7.9 Hz. 1 H) 7.3 (d. J=8.4 Hz. 1 H) 7.4 (dt. J=8.6. 2.1 
5 Hz, 2 H) 7.5 (s, 1 H) 7.6 (m. 1 H) 7.7 (dt. J=8.6, 1 .9 Hz. 2 H) 8.2 (s, 1 H). ES- 
LCMS m/2 = 593 (m + H*). 




10 6-(4-chlorophenyl)-3-{2-(dimethylaniino)-1-[3-(methylamino)propyq-1l/- 
beriziinidaiEol-5-yl}thieno[3,2-d|pynmidin-4(3H)-onetrifluoroacetate 

The compound obtained in Example 54, Step C (25 mg, 0.042 mmol) was 
dissolved in methanol and treated with methanesulfonic acid (11 jiL, 0.17 

1 5 mmol). The reaction was stirred overnight and purified by preparatory HPLC 
to provide the title compound as a white solid (15 mg). ^H NMR (300 MHz, 
DMSO-t/e) 6 2.1 (m, 2 H) 2.6 (m. 3 H) 3.0 (t. J=7.7 Hz. 2 H) 3.2 (s. 6 H) 4.3 (t, 
>6.9 Hz, 2 H) 7.4 (dd. J=8.0, 1.7 Hz. 1 H) 7.6 (dt. J=8.6. 1.9 Hz. 2 H) 7.6 (d. 
J=1.9 Hz. 1 H) 7.7 (d. J=8.6 Hz, 1 H) 7.9 (dt. J=8.8. 2.2 Hz, 2 H) 8.0 (s, 1 H) 

20 8.4 (s, 1 H). APCI-LCMS m/z = 593 (m + H"^). 



Example 56 




-o 



6-(4-ciilorophenyl)-3-[2-(dlmethylamino)-1 -(3-methoxypropyl)-1 //- 
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benzimidazol-5-yl]thieno[3,2^pyrimidin-4(3//)-one methanesulfonate 



Step A: 1-(3-methoxypropyl)-A/,/V-<Iimethyl-5-nitro-1H-benzlmlda2ol-2-amlne 

The Intermedjate obtained in Example 50, Step C (1 10 mg. 0.393 mmol) was 
dissolved In methanol, treated with sodium hydride (60%, 18 mg, 0.43 mmol), 
and stin-ed at 80 *C overnight. Starting material was not consumed by TLC. 
Potassium cari^onate was then added and the reaction was stirred at 80 °C for 
one day. The reaction was filtered, concentrated, diluted with 
dichloromethane, and washed with water. The organic layer was dried, 
concentrated and the residue was purified using silica gel (0-100% ethyl 
acetate/hexanes) to provide the title compound as a yellow oil (75 mg, 69% 
yield). NMR (400 MHz, CDCI3) 6 2.1 (m. 2 H) 3.1 (s, 6 H) 3.3 (t, 3 H) 3.3 (t, 
J=5.5 Hz, 2 H) 3.5 (s, 1 H) 4.2 (m, 2 H) 7.2 (d. J=8.8 Hz. 1 H) 8.0 (dd, J=2.2 
Hz, 1 H) 8.4 (d, Ji=2.1 Hz, 1 H). APCI-LCMS m/z = 279 (m + H*). 



Step B: 6-(4-chIorophenyl)-3-[2-(dimethylamino)-1-(3-methoxypropyl)-1H- 
benzimidazol-5-yl]thienoI3,2-cripyrimidin-4(3H)-one methanesulfonate 

The title compound was synthesized by substituting 1-(3-methoxypropyl)-A^.A^ 
dimethyl-5-nitro-1 H-benzimidazol-2-amine for A/,/V-dimethyl-1 -(3-morpholin-4- 
ylpropyl)-5-nitro-1 W-benzimldazol-2-amine and employing the techniques 
found In Example 50. Step E. ^H NMR (MsOH salt, 300 MHz, DMSO-de) 5 2.1 
(m, 2 H) 2.3 (s. 3 H) 3.3 (s. 6 H) 3.4 (t, J=:5.7 Hz. 2 H) 4.4 (t. J=6.6 Hz. 2 H) 
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7.5 (dd. J=8.6. 1.9 Hz. 1 H) 7.6 (dt. J=8.6. 1.9 Hz. 2 H) 7.7 (d. J=1 9 Hz 1 H) 
7.8 (d. J=8.6 Hz. 1 H) 8.0 (td. J=8.6. 1.9 Hz. 2 H) 8.0 (s. 1 H) 8.5 (s. 1 H) ES- 
LCMS m/z = 494 (m + H"^). 



Example 57 

9 



-S-OH 

o 




.XX 



6K4-chlorophenyl).3.(1^ethy|.1.2.3,4.tetrahydropyrlmldo[1.2. 
a]benzlmida2ol^-yl)thleno[3,2.cflpyrimidln^(3/0.onemethanesulfonate 

The title compound was synthesized by substituting 1-(3-chloix)propyl)./V.A/- 
dimethy|.5-nitro-1H-benzimldazol-2-amine (the Intemiedlate produced in 
Example 50. step C) for A/.AWimethyl-1-(3-morpholin-4-ylpropy|).5Hiitro-1/^L 
benzimidazol-2-amine and employing the techniques found in Example 50 
Step E. NMR (IVIsOH salt. 400 MHz. DMSO-c/e) 5 2.2 (m. 2 H) 2.3 (s. 3 H) 
3.2'(s. 3 H) 3.6 (t. J=5.2 Hz. 2 H) 4.1 (t. J=6.0 Hz. 2 H) 7.5 (dd. J=8.4 1 9 Hz 
1 H) 7.6 (dt. J=8.6. 2.1 Hz. 2 H) 7.6 (d. J=8.6 Hz. 1 H) 7.7 (d. J=1 .9 Hz 1 H) 
7.9 (dt, J=8.6. 2.1 Hz. 2 H) 8.0 (s. 1 H) 8.4 (s. 1 H). ES-LCMS m/z = 448 (m * 
H*). 



Example 58 

o 




6K4-chlorophenyl)-3-(H3.[ethyl(methyl)amino]propyl}.2-methyl-lH. 
benzlmidazo|.5.yl)thleno[3^.cf|pyrimidin^(3«)K>netrifluoroacetate 
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Step A: 3-(2-Methyl-5-nltro-1H-benzimidazol-1-yl)propan-1-ol 

A sorution of the Intermediate obtained in Example 50, Step B (3.87 g, 1 8.3 
rrrfnol) In hot dimethyl acetamide Was treated with acetyl chloride (5.18 mL, 
73.2 mmol) and sllnred for two hours. Concentrated aqueous hydrochloric 
acid (4 mL) was added and the reaction mixture was then heated to 100 °C 
and stirred for two hours. The reaction was cooled to room temperature, 
neutralized using 10 N sodium hydroxide, diluted with water, and extracted 
with ethyl acetate. The combined organics were dried and purified using silica 
gel (0-10% methanol/dichloromethane). Due to a small Impurity, the resulting 
solid was recrystallized to afford a tan solid (1.74 g. 40% yield). NMR (400 
MHz, DMSO-de) 5 1.9 (m. 2 H) 2.6 (s. 3 H) 3.4 (q. J^.8 Hz, 2 H)4.3 (t, J=7.i 
Hz. 2 H) 4.7 (t. J=4.9 Hz. 1 H) 7.7 (d, J^.O Hz, 1 H) 8.1 (dd. J=9.0, 2.2 Hz. 1 
H) 8.4 (d. J^.1 Hz. 1 H). ES-LCMS m/z = 236 (m + H*). 




StepB: 3-(2-methyl-5-nltro-1H-benzimldazol-1-yl)propyl4- 
methylbenzenesulfonate 

A solution of the Intermediate obtained in Example 58. Step A (686 mg, 2.92 
mmol) In warm tetrahydrofuran (45 mL) was treated tosyl chloride (1.22 g. 
6.42 mmol) followed by sodium hydride (60% dispersion, 234 mg, 5.84 mmol) 
and stirred at 50 'C for three hours. The reaction was then concentrated, 
diluted with dichloromethane, and washed with water. The organic layer was 
dried and concentrated. The residue was recrystallized from dichloromethane 
and ethyl acetate and filtered to afford the title compound as a white solid 
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(1.06 g. 930/0 yield). NMR (400 MHz. DMSO-de) S 2.0 (m. 2 H) 2 4 (s 3 H) 

2.5 (s. 3 H) 4.1 (t. J=6.0 Hz. 2 H) 4.3 (t. J=6.9 Hz. 2 H) 7.4 (d. J=7.9 Hz 2 H) 

7.6 (d. J=9.0 Hz. 1 H) 7.7 (dt. J=8.5. 2.0 Hz. 2 H) 8.1 (dd. J=8.8. 2.2 Hz^ 1 H) 
8.4 (d. J=2.2 Hz. 1 H). ES-LCMS m/z = 390 (m + H*). 



0,r 




Step C: A^ethyl-/V-methy|.3-(2-methyl-5-nltro.1H4)enzimidazoI.^ 

propanamine 

The intermediate obtained in Example 58, Step B (124 mg. 0.318 mmol) was 
taken up in t,ot THF (4 mL), treated with N^methylamkie (1 mL) and then 
potassium carbonate (88 mg, 0.64 mmol) was added. The reaction mixture 
was heated to 80 'C in a sealed tube and starred overnight After cooling the 
reaction mixture was tillered, concentrated and purffied on silica gel (0-10% 

2.0 N NH, in MeOH/CH^ to afford the title compound as a white soM (71 
mg). NMR (400 MHz, OMSCW^) S 0.9 (t. J=7.2 Hz. 3 H) 1.9 (m 2 H) 2 1 
(s, 3 H) 2.2 (m. 4 H) 2.6 (s. 3 H) 4.3 (t, J=7.1 Hz. 2 H) 7.7 (d, J=9.0 Hz 1 H) 

8.1 (dd, J=8.8, 2.2 Hz, 1 H) 8.4 (d, J=2.2 Hz. 1 H). ES-LCMS nVz = 2^7 (m * 
H ). 




F 

F 




step D: 6-(4-chlorophenyl^3-(1-{3-[ethyl(methyl)amino]propyl}.2-meth^^^ 
benzjmidazo|.5.yl)thieno[3.2-c(lpyrlmldin-4(3H)-onetrifluoroacetate 

The title compound was synthesized by substituting the intemiediate obtained 
.n Example 58. Step C for /V.A/-dimethyl-1-(3-morpholin.4-ylpropyl).5-nitro-1H. 
benz,m.dazo|.2-amine and employing the techniques found In Example 50 



wo 2004/092181 



PCT/US2004/010518 



124 

Step E. NMR (TFA salt. 400 MHz. CDCI3) 6 1.3 (t, J=7.2 Hz. 3 H) 2.4 (m. 
H) 2.6 (s. 3 H) 2.8 (bs. 3 H) 2.8 (m. 2 H) 3.0 (m. 1 H) 3.2 (m. 2 H) 3.4 (m. 1 I 
4.5 (m. 2 H) 7.4 (dt. J=8.9. 2.2 Hz, 2 H) 7.5 (m. 2 H) 7.6 (dt. J=8.8. 2.4 Hz. 2 
H) 7.9 (m. 2 H) 8.1 (s. 1 H) 12.0 (bs. 2 H). ES-LCMS m/z = 492 (m + H*). 



Example 59 




6-(4-chlorophenyl)-3-{2-methyl-H3-(1-pyiTolidlnyl)propyQ-1/#- 
benzlmldazo|.5-yl}thienoC3^-dIpyrimlclln-4(3«)-onemethanesulfonate 



The title compound was synthesized by substituting pyrrolidine for N- 
ethylmethylamine and employing the techniques found In Example 58. Step C 
and Example 50. Step E. NMR (MsOH salt. 400 MHz. DMSO-c/e) 6 1.8 (m, 
2 H) 2.0 (m. 2 H) 2.2 (m. 2 H). 2.3 (s. 3 H) 2.8 (s. 3 H) 3.0 (m. 2 H) 3.3 (m. 2 
H) 3.5 (m, 2 H) 7.6 (dt. J=8.8. 2.1 Hz. 2 H) 7.7 (d. J=8.6 Hz. 1 H) 7.9 (dt. 
J=8.8. 2.1 Hz. 2 H) 8.0 (8, 1 H) 8.1 (m. 2 H) 8.6 (s, 1 H) 9.6 (bs, 1 H). APCI- 
LCMS m/z = 505 (m + H*). 



Example 60 




6-(4.chlorophenyl)-3-{2-methyl-'«-(3-(4-morphollnyl)propyl]-1H- 
benzlmlda2ol-5.yl}thleno[3,2.cflpyrlmldln^(3H)-onetrlfiuoroacetate 
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The title compound was synthesized by substituting morpholine for N- 
ethylmethylamine and employing the techniques found in Example 58, Step C 
and Example 50. Step E. NMR (TFA salt. 300 MHz. DMSO-de) 6 2.2 (m. 2 
H) 2.7 (s. 3 H) 3.1 (m. 2 H) 3.3 (m. 2 H) 3.4 (m. 2 H) 3.6 (m. 2 H) 4.0 (m. 2 H) 
4.4 (t. J=5.7 Hz. 2 H) 7.6 (m. 3 H) 7.9 (m. 4 H) 8.0 (s. 1 H) 8.5 (s. 1 H) 10.1 
(bs. 1 H). ES-LCMS m/z = 520 (m + H*). 



Example 61 



1 jfY"! 




6-(4-chlorophenyl)-3.(H3.K3SH.hydroxy.1.pyrroliclInyl]propyl}-2- 
methyMH4>enzlmlda2ol-5-yl)thleno[3,2^pyrimidln^3«)-one 

The title compound was synthesized by substituting (3S)-3-pyrrolidlnol for N- 
ethylmethylamine and employing the techniques found in Example 58, Step C 
and Example 50. Step E. ^H NMR (300 MHz, CDQa) 6 1.8 (m. 1 H) 1.9 (m. 1 
H) 2.1 (m. 2 H) 2.3 (m, 2 H) 2.5 (m. 3 H) 2.7 (m. 4 H) 2.9 (m. 1 H) 4.3 (t. 7=6.9 
Hz, 2 H) 4.4 (bs. 1 H) 7.3 (s. 1 H) 7.3 (dd. 7=8.3, 1 .9 Hz. 1 H) 7.5 (m. 3 H) 7.6 
(s. 1 H) 7.7 (m. 3 H) 8.2 (s, 1 H). ES-LCMS m/z = 533 (m + H*). 




6K4.chlorophenyl)^K2.methyM.(3^4-methyM.plperazinyl)propyl]-lH- 
ben2imIdazol-5-yl}thieno[3,2-capyrlmldln^(3H).onetrifluoroacetate 
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The title compound was synthesized by substituting 1-methylpiperazine for N- 
ethylmethylamine and emplpying the techniques found in Example 58, Step C 
and Example 50. Step E. NMR (400 MHz, DMSO-de) 6 2.3 (m. 2 H) 2.8 
(m, 3 H) 2.9 (bs, 3 H) 3.6 (bs, 8 H) 4.6 (m, 2 H) 7.6 (dt. J=8.6, 1 .9 Hz. 2 H) 7.7 
5 (d. J=8.6 Hz. 1 H) 7.9 (dt. J=8.6, 2.1 Hz, 2 H) 8.0 (s. 1 H) 8.1 (d. J=1 .4 Hz, 1 
H) 8.2 (d. J=8.4 Hz. 1 H) 8.5 (s, 1 H). ES-LCMS m/z = 620 (m + H*). 



10 6-(4-chlorophenyl)^-{2-methy|.1-[2-(1-pyrrolidinyl)ethyl]-1H. 

benzimidazol-5-yl}thieno[3,2-d|pyrimidin-4(3H)-one triflMoroacetate 

The title compound was synthesized by substituting [2-(1- 
pyrrolidinyl)ethyl]amlne for 3-amino-1-propanol and employing the techniques 
1 5 found in Example 50, Steps A and B; Example 58, Step A; and Example 50. 
Step E. successively. NMR (TFA salt, 400 MHz, DMSO-cfe) 5 1.9 (m, 2 H) 
2.0 (m. 2 H) 2.7 (s. 3 H) 3.2 (m, 2 H) 3.6 (m. 4 H) 4.7 (t. Ji=4.0 Hz. 2 H) 7.5 
(dd, J=8.8, 1.7 Hz, 1 H) 7.6 (dt. J^8.6. 2.1 Hz. 2 H) 7.9 (m. 4 H) 8.0 (s, 1 H) 
8.4 (s. 1 H) 10.2-(bs, 1 H). ES-LCMS m/z = 490 (m + H*). 



Example 63 




20 



Example 64 
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6^4-chlorophenyl)^.{2-methyI-H2K4.niorpholinyl)ethyl].1H- 
benzimldazol-5.yl}thleno(3.2-dIpyrimidin^(3H)^i,etrifluoroacetate 

The title compound was synthesized by substituting [2-(4- 
morpholinyl)ethyl]amlne for [2-(1-pyrrolidinyl)ethyl]amine and employing the 
techniques found in Example 63. NMR (TFA salt. 300 MHz. DMSO-de) 6 
2-7 (s. 3 H) 3.3 (m. 2 H) 3.5 (m. 2 H) 3.8 (m. 4 H) 4.5 (m. 2 H) 4.7 (t. J=6.9 Hz 
2 H) 7.6 (dd. J=8.6. 1.7 Hz. 1 H) 7.6 (dt. J=8.8. 1.9 Hz. 2 H) 7.9 (m. 2 H) 8 0 ' 
(dt. J=8.8. 2.2 Hz. 2 H) 8.0 (s. 1 H) 8.5 (s. 1 H). ES-LCMS m/z = 506 (m * H*). 

Example 65 

O f**=^N / 



6K4H:hlorophenyI).3.[2^dimethylamino).1^,ropyMH.benzlmfdazol-5. 
yl]thieno[3.2<(Ipyrimidin^(3H)-oneti:ifluoroacetate 



jO:v< 

I * 



15 O 



25 



Step A: /V.A/-dimethyl-5-nitro-1H-benzimidazol-2-amine 

4-Nitro-1 ,2-benzenediamine (25 g, 163 mmol) and 
(dichloromethylene)dimethylammonium chloride ("phosgene iminium 
chloride") (26.5 g. 163 mmol) in 150 mL 1.2-dlchloroethane were treated with 
triethylamine (45 mL. 326 mmol) and sttrred overnight. The reaction was 
rinsed with water, and the organic layer was dried with magnesium sulfate, 
filtered and concentrated to afford the desired product. ^H NMR (400 MHz 
DMSO-cfe) 5 3.1 (s. 6 H) 7.2 (d. J=9.0 Hz. 1 H) 7.9 (s. 2 H) 1 1 .8 (brs 1 H) ' 



wo 2004/092181 



PCT/US2004/010518 



128 

O" 



^^•^ ' and ^ 

Step B: /^.W-d5methyl-6-nitro-1-(2-propen-1-yl)-1H-benzimldazol-2.amine 

and 

/V./V-djmethyl-5-nitro-1-(2-properi-1-yl)-1H-benzimldazol-2-amlne 

A/./7-Dimethyl-5-nitro.1H-benzlmidazol-2-amine (1.92 g. 9.3 mmol) in 10 mL 
dimethylformamide was treated with sodium hydride (560 mg, 14.0 mmol) and 
stirred for 10 minutes. To this was added allyl iodide (1.28 mL. 14 mL) and 
the reaction was stirred for 1 hour. . The reaction was diluted with ethyl acetate 
and rinsed witti brine tiiree times. The organic layer was dried with 
magnesium sulfate, filtered and concentrated to afford a mixture of the 
desired products. The isomers were analyzed via SFC on a 4.6x250mm 
Berger Amino Column. A 10:90 Methanol:C02 isocratic mobile phase with 
3000 psi. 40 "C and a flow rate of 2mL/min was used to elute and resolve the 
isomers. The elution times for the Isomers were -3.3 and 4.0 minutes for 
A/./V<limethyl-6-nltro-1-(2-propen-1-yl)-1«-benzlmidazol-2-amine and /V./V- 
dimetiiyl-6.nitro-1-(2-propen.1-yl).lH.benzimidazo|.2-amine, respectively, the 
isomers being assigned by NMR nOe. The isomers seperated preparatively 
using 8% mettianol in C02 at a total flow rate of 90 g/min on BHK Labs Amino 
column, 30x250 mm 5u. pressure 145 bar, temp 40 «>C. UV 250 nm. injection 
-50 mg every 6 minutes. /V,AWImethyl-6-nitro-1-(2-propen-1-yl)-lH- 
benzlmidazol-2-amine A/,A/-dimethyl-6-nitro-1 -(2-propen-1-yl)-l H- 
benzimidazol-2-amlne. NMR (500 MHz, DMSO-c/e) S 3.1 (s. 6 H) 4.8 (s. 2 
H, nOe to 8.1) 5.0 (d. J=17.3 Hz. 1 H) 5.3 (d. J=10.2 Hz. 1 H) 6.1 (m. 1 H) 7.4 
(d. J=8.6 Hz, 1 H) 8.0 (d, J=9.0 Hz, 1 H) 8.1 (s. 1 H). 

A/./y-dimethyl-5-nitro-1-(2-propen-1-yl)-lH.benzimidazol-2-amine. ^H NMR 
(500 MHz, DMSO-de) 6 3.0 (s. 6 H) 4.8 (s. 2 H, nOe to 7.4) 5.0 (d. J=17.7 Hz. 
1 H) 5.3 (d. J=9.6 Hz. 1 H) 6.1 (m. 1 H) 7.4 (d, J=8.7 Hz. 1 H) 8.0 (d, J=8.7 
Hz, 1 H) 8.2 (s, 1 H). . 
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StepC: 6-(4-chlorophenyl)-3-[2-(dimethylamino)-1-propyl-1H-benzlmldazol-5- 
yl]thieno[3.2-(yipyrimldin-4(3H)-one trifluoroacetate 

The title compound was synthesized by substituting A/./V-dimethyl-6-nltro-1-(2- 
propen-1-yl)-1H-benzlmldazol-2-amine for /V,AMimethyl-1-(3-morpholln-4- 
yIpropyl)-5-nitro-1H-benzlmldazol-2-amlne and employing the techniques 
found in Example 50, Step E. NMR (TFA salt. 400 MHz. DMSO-de) 6 0.9 
(t, J=7.2 Hz. 3 H) 1 .8 (m. 2 H) 3.2 (s. 6 H) 4.2 (t. J=7.6 Hz, 2 H) 7.4 (d. J=8.3 
Hz. 1 H) 7.6 (dt. J=8.6. 1 .9 Hz, 2 H) 7.6 (d. J=1 .9 Hz. 1 H) 7.8 (d. J=8.4 Hz, 1 
H) 7.9 (dt, J=8.6, 1.9 Hz, 2 H) 8.0 (s. 1 H) 8.4 (s. 1 H). APCI-LCMS m/z = 464 
(m + H"^). 



Example 66 




OH 



6-<4-chlorophenyl)-3-[2-(dimethylamino)-1 -(3-hydroxypropyl)-1 H- 
benzimidazol-5-yl]thieno[3,2-d|pyrimidin-4(3//).one trifluoroacetate (salt) 




Step A: 3-[2-(dlmethylamlno)-5-nitro-1 H-benzimidazoM -yl]-1-propanol 



0 
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A solution of /V./VKiimethyI.5-nitro.H2-propen-1-yl)-1 W3enzimidazol-2-amlne 
(the intermediate fomned in Example 65, Step B; 100 mg. 0.406 mmol) in THF 
was cooled to 0 followed by dropwise addition of 9- 
borabicyclo[3.3.1jnonane (0.5 M in THF. 2.4 mL. 1.2 mmol). The reaction 
mixture was allowed to warm to room temperature and stirred overnight. 
Water (0.66 mL) was then added, followed by aqueous sodium hydroxide (10 
N. 0.27 mL). and dropwise addition of hydrogen peroxide (30%, 0.66 mL). 
The reaction mixture was stirred for three hours, concentrated and purified 
using silica gel (0-10% methanol/dichloromethane) to piovide the title 
compound as a yellow solid (62 mg). NMR (400 MHz, CDCI3) 6 2.1 (m^ 2 
H) 3.6 (m. 6 H) 4.3 (t. J=6.9 Hz. 2 H) 7.3 (d. J=9.5 Hz. 1 H) 8.1 (dd. J=8.8. 2.2 
Hz. 1 H) 8.5 (d. J=2.1 Hz. 1 H). APCI-LCMS m/z = 265 (m + H*). 



Step B: 6^(4-chlorophenyl)^.[2-(dimethylamlno)-1-(3-hydroxyprDpylHH- 
benzlmidazol-6-yl]thjeno(3.2-cflpyrimidln-4(3f0^netrifluoroacetat^ 

The title compound was synthesized by substituting 342.(dimethylamino)-5- 
nltro-1H:benzlmidazol-1-ylJ-1-propanol for A/.A/-dimethyl-1-(3-morpholin-4- 
ylpropyl)-5-nltro-1H.benzimidazol-2-amine and employing the techniques 
found in Example 50. Step E. ^H NMR (TFA salt. 400 MHz, DMSO-t/e) 5 2.0 
(m. 2 H) 3.2 (s. 6 H) 3.5 (t. J=5.6 Hz. 2 H) 4.3 (m. 2 H) 7.4 (m. 1 H) 7.6 (dt. 
J-8.6. 1.7 Hz. 2 H) 7.6 (m. 1 H) 7.7 (m. 1 H) 7.9 (dt. J=8.6. 2.1 Hz. 2 H) 8.0 (s. 
1 H) 8.4 (s. 1 H). APCI-LCMS m/z = 480 (m + H*). 



Example 67 



10 



15 



20 
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25 



6^4K:hlorophenyl)-3.(2-(dimethylamlno).1.propyl-1H.ben2linldazoW. 
yl]thieno[3,2-cqpyrlmidln-4(3H)K>nemethanesulfonate 

The title compound was synthesized by substituting yV./V-dimethyl-6-nitro-1-(2- 
propen.1-yl).1H-benzimidazoi-2-amine for /V./V-drmethyl-H3-morpholin-4- 
ylpropyl).5-nitro-1H.benzimida2o|.2-amine and employing the techniques 
found in Example 50. Step E. NMR (MsOH salt. 400 MHz. DMSO-de) 5 0.9 
(t. J=7A Hz. 3 H) 1.8 (m. 2 H). 2.3 (s. 3H). 3.3 (s. 6 H) 4.2 (t. J=7.6 Hz. 2 H) 
7.6 (dd. J=8.4, 1.4 Hz. 1 H) 7.6 (m. 3 H) 7.9 (dt. J=8.9. 2.7 Hz. 2 H) 8.0 (m. 1 
H) 8.0 (s. 1 H) 8.5 (s, 1 H). APCI-LCMS m/z = 464 (m + H*). 

Example 68 

HO 

6-(4-chlorophenyl)-3-C2-(dlmethylamlno)-H3.hydroxypropyl)-1H- 
benzlmida2oW.y|]thieno[3^.dlpyrimldin-4(3H)K>ne trifluoroacetate (salt) 

The title compound was synthesized by substituting A/./VK«methyl-6-nitro-1.(2- 
propen-1-yl).lH-benzimidazol-2-amlne for A/.A/-dimethyl-5-nitro-1-(2-propen-1- 
yl)-1H-benzimidazol-2-amine (the intermediates produced in Example 65. 
Step A) and employing the techniques found in Example 66, Step A and ' 
Example 50. Step E. ^H NMR (TFA salt, 400 MHz. DMSO-de) 5 2.0 (m. 2 H) 
3.2 (s. 6 H) 3.5 (t. J=5.3 Uz, 2 H) 4.3 (t, J=7.1 Hz. 2 H) 7.4 (d. J=7.8 Hz 1 H) 
7.6 (d. J=8.3 Hz. 1 H) 7.6 (dt. J=8.8. 2.1 Hz. 2 H) 7.9 (m. 1 H) 7.9 (dt. J=8.6. 
2.1 Hz. 2 H) 8.0 (s. 1 H) 8.5 (s. 1 H). APCI-LCMS m/z = 480 (m + H*). 
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Example 69 

F 



/ \\ 



CI— ^ >-4 1 J ^ 

6K4K:lilorophenylM^2.methyl^.[3^1.pyrrollcllnyl)propyl]^A/. 

lmldazo[4.5^1pyridln-6.yl>thleno[3^^pyrlmldln-4(3/y)K>ne 

triffluoroacetate 

The title compound was synthesized by substituting 2-chloro.3 5- 
dinitropyridine for 2,4^nltrofluorobenzene and [3K1-pyrrolidinyl)propyl]amlne 
for 3-am.no-1-propanol and employing the techniques found in Example 50 
Steps A. B. C, D. and E. NIVIR (TFA salt. 400 MHz. DMSO-(/e) 6 1 8 (m 2 
H) 2.0 (m, 2 H) 2.2 (m. 2 H)-2.7 (s. 3 H) 3.0 (m. 2 H) 3.2 (m. 2 H) 3.6 (m. 2 H) 
4.4 (t. ^6.7 Hz, 2 H) 7.6 (dt. 2.1 Hz. 2 H) 7.9 (dt. J=8.6. 2.1 Hz 2 H) 

8.0 (s. 1 H) 8.2 (d. J=2.2 Hz. 1 H) 8.5 (d. J=2.1 Hz. 1 H) 8.5 (s. 1 H) 9.5 (s 1 
H). APCI-LCMS m/z = 505 (m + H*). 




N 

6K4-fluorophenyl).3K2.methy|.1.[3.(4^orphollnyl)propylH#/. 
ben2imidazo|.5.yl}thleno(3.2.dIpyrl.midln^(3H)^ne trmuoroacetate 

A solution of methyl 3-amino-5.(4-fluorophenyI).2.thiophenecarboxylate (160 
mg. 0.64 mmol) in N.N-dlmethylfomiamide dimethyl acetal (2 mL) was heated 
to 105 C. stirred forSO minutes, and concentrated. The title compound was 
synthesized by substituting this crude material for methyl 3-amino-5.(4- 
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chlorophenyl)-2-thiophenecarboxylate and employing the techniques found in 
Example 60. NMR (300 MHz. DIVISO-de) 5 2.2 (m. 2 H) 2.8 (s. 3 H) 3.1 (m, 
2 H) 3.3 (m, 2 H) 3.4 (m. 2 H) 3.6 (m. 2 H) 4.0 (m, 2 H) 4.5 (t. J=7.2 Hz. 2 H) 
7.4 (tl. J=:8.8, 1 .9 Hz, 2 H) 7.7 (dd. J=8.7. 1 .8 Hz, 1 H) 8.0 (m. 5 H) 8.5 (s, 1 
5 H). ES-LCMS m/z = 504 (m + H*). 



Example 71 




6-(4-chlorophenyl)-3-[2-(dlmethyiam!no)-1^2-hydroxyethyl)-1#/- 
benzimidazol-5-yl]thieno[3.2-tf|pyriinidin-4(3H)^ne 




Step A: 2-[2-(dimethylamino)-6-nitro-1H-benzimidazol-1-yl]ethanol 
15 and 

2-[2-(dimethytamino)-5-nltro-1 ^benzimidazol-1 -yt]ethanol 

Following a procedure analogous to that for Example 65. Step B and 
substituting 2-bromo-1-ethanol. a mixture of the desired products was 

20 obtained. They were separated using 1 0% methanol in CO2 at a total flow 
rate of 90 g/min, on a BHK Labs Amino column 30x250 mm 5u, pressure 140 
bar, temp 30° C, UV 230 nm. injection ~65mg every 15 minutes. The faster 
eluting isomer was 2-[2-(dimethylamlno)-6-nitro-1H-benzimidazol-1-yl]ethanol, 
as determined by nOe. 2-[2-(dimethylamino)-6-nitro-1H-benzimidazol-1- * 

25 yljethanol, ^H NMR (500 MHz. DMSO-de) 5 3.1 (s, 6 H) 3.8 (m, 2 H) 4.3 (t, 
J=5.4 Hz, 2 H, nOe to 8.3) 5.1 (m, 1 H) 7.4 (d, J=8.7 Hz. 1 H) 8.0 (dd, J=8.9. 
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2.4 Hz, 1 H) 8.3 (d. J=2.2 Hz, 1 H). 

2-[2-(dimethylamino)-5-nitro-1H-benzimidazol-1-ylJethanol, ^H NMR (500 
MHz, DMSO-cfe) 6 3.0 (s, 6 H) 3.8 (q. J=5.5 Hz. 2 H) 4.2 (t. J=5.7 Hz, 2 H, 
nOe to 7.6) 5.1 (t, J=5.5 Hz, 1 H) 7.6 (d, J=8.7 Hz, 1 H) 8.0 (dd, J=8.9, 2.4 Hz, 
5 1 H) 8.1 (d, J=2.0 Hz, 1 H). 




Step B: 6-(4-chlorophenyl)-3-[2-(dimethylamino)-1-(2-hydroxyethyl>.1H- 
benzimidazol-5-yl]thieno[3.2-(/|pyrimidin-4(3H)-one 

10 

The title compound was synthesized by substituting 2-[2-(dimethylamino)-5- 
nitro-1H-benzimidazol-1-yl]ethanol for /V,/V-dimethyi-1-(3-morpholin-4- 
ylpropyl)-5-nitFO-1H-benzinnidazol-2-amine and employing the techniques 
found In Example 50, Step E. ^H NMR (300 MHz. DMSO-de) 5 3.3 (s, 6 H) 3.8 
15 (m, 2 H) 4.4 (m. 2 H) 7.5 (m, 1 H) 7.6 (m, 3 H) 7.8 (m. 1 H) 7.9 (m. 2 H) 8.0 
(m, 1 H) 8.4 (s, 1 H). APCI-LCMS m/z = 466 (m + H*). 

Example 72 




6-(4-chlorophenyl)-3-[2-(dimethylami no)-1 -(2-hydroxyethyl).1 H- 
benzimldazol-6-yl]thleno[3,2-dlpyrimldin-4(3H)^ne trifluoroacetate 



25 



The title compound was synthesized by substituting 2-[2-(dimethylamino)-6- 
nitro-1 H-benzimidazol-1-yl]ethanol for 2-[2-(dlmethylamino)-5-nitro-1H- 
benzimidazoM-ylJethanol and employing the techniques found in Example 50, 
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step E. NMR (TFA salt, 400 MHz. DMSO-dg) 5 2.3 (s, 3 H) 3.3 (s. 6 H) 3.8 
(m. 2 H) 4.4 (m. 2 H) 7.5 (d, J=8.6 Hz, 1 H) 7.6 (m, 3 H) 7.9 (m. 3 H) 8 0 (s. 1 
H) 8.5 (s. 1 H). APCI-LCMS m/z = 466 (m + H*). 



6-<4-chlorophenyl)-3-{2-(dimethylamino)-1 -[2.(methyloxy)ethyll-1 H- 
benzlmidazol^.yl}thleno[3,2-eGpyrimidin^(3H)^ne trifluoroacetate 



Step A: /V./V-dimethyl-1 -[2.(methyloxy)ethyl]-6.nltro-1 H-benzlmidazol-2-amini 

A solution of 2-[2-(dimethylamino)-6-nitro-1H-benzlmidazol-1-yIJethanol (the 
intermediate obtained in Example 71, Step A, 104 mg) in THF was treated 
with methyl iodide (80 jiL) cooled to 0 "C and treaty with sodium hydride (35 
mg, 60% suspension). The reaction was stinred for one hour, quenched with 
methanol, and purified by column chromatography to provide the title 
compound as a yellow solid (64 mg). NMR (300 MHz, CDCI3) 5 3.1 (s, 6 
H) 3.4 (s, 3 H) 3.8 (t. J=5.5 Hz, 2 H) 4.3 (t. J=5.5 Hz, 2 H) 7.5 (d, J=6.8 Hz, 1 
H) 8.1 (dd. J=8.8. 2.2 Hz, 1 H) 8.2 (d. J=2.2 Hz, 1 H). APCI-LCMS m/z = 265 
(m + H*). 



Example 73 





wo 2004/092181 



PCT/US2004/010518 



136 




step B: 6-(4-chlorophenyl)-3-{2T(dimethylamino)-1-[2-(methyloxy)ethyl]-1 H- 
ben2imidazol-6-yl}thienol3^-cQpyrimidin-4(3H)-one trifluoroacetate 



5 The title compound was synthesized by substituting A/./V-dimethyl-l -[2- 

(methyloxy)ethyl]-6-nitro-1H-benzimidazol-2-annine for 2-[2-(dimethylamino)-5- 
nitro-IH-benzimidazol-l-yqethanoi and employing the techniques found in 
Example 50, Step E. NMR (TFA salt. 300 MHz, DMSO-cfe) 6 3.2 (s, 6 H) 
3.8 (t. J=5.2 Hz. 2 H) 4.4 (t. J^5.2 Hz. 2 H) 7.5 (dd, J=8.7. 1.5 Hz, 1 H) 7.6 (m; 
10 3 H) 7.9 (m, 1 H) 8.0 (dt. J=8.8, 2.2 Hz, 2 H) 8.0 (s, 1 H) 8.5 (s, 1 H). APCI- 
LCMS m/z = 480 (m + H*). 



Example 74 




1 5 6-(4-chlorophenyl)-3-{1 -[2-{4-morpholinyl)ethyl]-1 H-benzimidazol-5- 
yl}thieno[3,2-cqpyrimidln-4(3fy)-one trifluoroacetate 




Step A: 1 -[2-(4-morpholinyl)ethyl>5-nitro-1 H-benzimidazole 

20 A solution of A/^-[2-(4-morpholinyl)ethyl]-4-nitro-1 ,2-benzenediamine (the 
compound synthesized In Example 93, Step B) In DMF was treated with 
concentrated aqueous hydrochloric acid, heated to 100 'C and stirred for four 
hours. The reaction mixture was cooled and purified using silica gel to 
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provide the title compound. ES-LCMS m/z = 277 (m + H*). 



o 




N 

Step B: 6-(4-chlorophenyl)-3-{1-[2-(4-morpholinyl)ethyl]-1 H-benzimidazol-5- 
yl>thieno[3,2-</lpyrimidin-4(3H)-onetrifluoroacetate 

The title compound was synthesized by substituting 1-[2-(4-morpholinyl)ethyl]- 
5-nitro-1H-benzlmidazole for2-[2-(dimethylamino)-5-nitro-1H-benzimidazoI-1- 
yl]ethanol and employing the techniques found in Example 50, Step E. 
NMR (400 MHz. DMSO-t/e) 5 3.2 (m. 2 H) 3.6 (m. 6 H) 4.0 (m. 2 H) 4.7 (m. 2 
H) 7.5 (dd. J=8.5, 2.0 Hz, 1 H) 7.6 (dl. ^8.8. 2.1 Hz. 2 H) 7.9 (m. 4 H) 8.0 (s. 
1 H) 8.4 (s, 1 H) 8.5 (m. 1 H). ES-LCMS m/z = 492 (m + H*). 



6-(4-chlorophenyl)-3-[2-(dlmethylamino)-1H-ben2lmida2ol-5-ylJthieno[3,2- 
' c(|pyrimidin-4(3/^-one trifluoroacetate 



Example 75 





o 



Step A: 2-chloro-5-nitro-1H-benzimidazoIe 



Cone. HNO3 (8 mL) was added drop-wise to a mixture of 2-chloro-1H- 



wo 2004/092181 



PCT/US2004/010518 



138 

benzimidazole (4 g. 26.22 mmol) and cone. H2SO4 (25 mL) at 0 "C. The 
mixture stinred at 0 "C for 1 h. The reaction was charged with ice water (200 
mL) and then extracted with EtOAc. The organlcs were dried over MgSO* 
(anhy.), filtered, and concentrated to dryness. The resulting crude was 
5 purified by silica gel chromatography (0-50% EtOAc/hexanes. 30min gradient; 
then 50% EtOAc/hexanes, 30 min). The resulting material was re-purified by 
silica gel chromatography (35% EtOAcmexanes) to afford the title compound 
as a white solid (2.64g, 51 % yield). NMR (400 MHz, DMSO-de) 5 7.7 (d. 
J=8.8 Hz. 1 H) 8.1 (dd. J=8.9. 2.3 Hz. 1 H) 8.4 (d. J=2.1 Hz. 1 H). ES-LCMS 
10 m/'z 197 (100). (M+H). 




Step B: 2-chloro-1 H-benzlmidazol-5-amine 

15 2-Chloro-5-nitro-1H-benzlmidazole (Example 75, Step A; 2.15 g. 10.88 mmol) 
was added portion-wise to a solution of Sn(ll)Cl2 2H2O (8.59 g. 38.08 mmol) 
in cone. HCI (30mL) at room temperature. The mixture stirred at room 
temperature for 15 mIn. then at 100 'C for 2 h. The reaction mixture was 
cooled to room temperature, poured into ice (100 g). and ttien made pH=8 

20 with 1 0 N NaOH (aq). The mixture was charged with Rochelle's salt, then 
extracted with EtOAc. The organlcs were dried over MgSO^ (anhy.). filtered, 
and concentrated to dryness to afford the titie compound as a white solid 
(1 .53 g, 84% yield). ^H NMR (400 MHz. DMSO-de) 6 4.9 (s, 2 H) 6.5 (dd. 
^8.4. 1.7 Hz, 1 H) 6.5 (s, 1 H) 12.5 (s. 1 H). ES-LCMS m/z 168 (100). 

25 (M+H). 
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Step C: 6-(4-chlorophenyl)-3-(2-(dimethylamino)-1H-benzlmidazol-5- 
ylJthieno[3.2-djpyrimidjn-4(3H)-onetrifIuoroacetate 

A mixture of 2-chloro-1H-benzimIdazol-5-amlne (Example 75, Step B; 50 mg, 
5 0.3 mmol), dimethylamlne (0.5 mL). and EtOH (3 mL) stirred at lOO^C in a 
pressure tube for 25 h. Additional dimethylamine (3 mL) was added, and the 
mixture stirred at 160 °C In a pressure tube for 23 h. The reaction was 
cooled, and concentrated to dryness to afford the intermediate N^,N^- 
dimethyl-1H-benzlmidazole-2,5-diamine ES-LCMS m/z 177 (M+H). 

10 A mixture of methyl 3-amlno-5-(4-chlorophenyl)-2-thiophenecarboxylate (80 
mg, 0.3 mmol) and N.N-dimethylformamide dimethyl acetal (3 mL) was stinted 
at 1 10 "C for 30 min. The reaction was then concentrated to dryness, and the 
resulting crude was charged with a solution of the above intermediate (A/^.A^- 
dimethyHH-benzimidazole-2.5-diamine) in EtOH (5 mL). The mixture stirred 

15 at reflux for 19 h. The reaction was concentrated to dryness, taken up in 
DMSO. and purified by CI 8 preparative HPLC (1-99% CH3CN/H2O 5 min 
gradient) to afford the title compound as an off-white (39 mg, 24% yield). 
NMR (400 MHz. DMSO-ds) 5 3.2 (m, 6 H) 7.4 (dd; J=8.3. 1.7 Hz, 1 H) 7.5 (d, 
J=8.4 Hz. 1 H) 7.6 (d. J=8.2 Hz, 2 H) 7.6 (d, J=1 .8 Hz. 1 H) 7.9 (d, J=8.2 Hz, 2 

20 H) 8.0 (d, J=0.7 Hz, 1 H) 8.4 (d, J=0.7 Hz. 1 H). APCI-LCMS m/z 422 (100). 
(M+H). 



Example 76 



25 




3-(2-amino-1-phenyl-1H-benzimldazoI-5-yl)-6-(4-chlorophenyl)thleno[3,2- 
cqpyrimidin-4(3H)-one trifluoroacetate 
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9 



NH 



O 



Step A: 4-nitro-A/^-i 



phenyl-! ,2-benzenediamine 



A solution of Na2S204 (20.15 g, 115.73 mmol) in H2O (50 mL) was added to a 
solution of 2.4-dlnltro-/V-phenylanillne (10 g. 38.58 mmol) in EtOH (50 mL) 
and 2-propanol (100 mL) at reflux. The mixture stirred at reflux for 1 h. The 
mixture was concentrated, charged w«h H2O. and extracted with CH2CI2. The 
resulting cmde mixture was purified by silica gel chromatography (25% 
EtOAc/hexanes) to afford the title compound as a red solid (3.8 g. 43% yield). 

NMR (400 MHz. DMSO-c/e) 6 5.4 (s, 2 H) 7.0 (dd. J=7.3 Hz. 1 H) 7.0 (d, 
Ji=8.8 Hz. 1 H) 7.1 (dd. J=8.6. 1.0 Hz. 2 H) 7.3 (t. 2 H) 7.4 (dd, J=8.9, 2.7 Hz, 
1 H) 7.6 (d. J=2.8 Hz. 1 H) 7.8 (s. 1 H). APCI-LCMS m/z 228 (100), (M-H). 



3 M Cyanogen bromide In CH2CI2 (6.6 mL. 16.95 mmol) was added to a 
solution of 4-nitr]o-/V^-phenyl-1 .2-benzenediamine (Example 76. Step A; 2.59 
g. 11.3 mmol) and CH2CI2 (100 mL). The reaction stirred at room temperaturf 
for 24 h. The mixture was concentrated to dryness, and the resulting crude 
purified by silica gel chromatography (0-5% MeOH/CH2Cl2. 25 min gradient: 
then 5% MeOH/CHzCb. 1 0min) to afford the title compound as an orange 
solid (2.85 g. 99% yield). ^H NMR (300 MHz, DMSO-dg) S 7;i (d, Jb=8.8 Hz. 1 
H) 7.7 (m. 5 H) 8.1 (dd. J^B.Q, 2.2 Hz. 1 H) 8.2 (d, J=2.2 Hz. 1 H) 8.9 (s, 2 H). 
APCI-LCMS m/z 255 (1 00). (M+H); 




o 



Step B: 5-nHro-1-phenyl-1H-benzimldazol-2-amine 
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Step C: 1-phenyl-1H-benzirridazole-2.5<liamine 



5 A solution of Na2S204 (616 mg. 3.54 mmol) in H2O (2 mL) was added to a 
solution of 5-nitro-1-phenyl-1H-benzimldazol-2-amine (Example 76, Step B; 
300 mg, 1 .18 mmol) in EtOH (25 mL) at reflux. The mixture stirred at reflux 
for 1 h. The mixture was concentrated, and the resulting crude purified by 
silica gel chromatography (10% MeOH/CH2Cl2) to afford the title compound as 
1 0 a dear oil (80 mg. 30% yield). NMR (400 MHz, DMSO-d^) S 6.2 (dd, J=^8,2, 
2.0 Hz, 1 H) 6.5 (m, J=2.0 Hz, 1 H) 6.6 (d, J=8.4 Hz, 1 H) 7.5 (m. 3 H) 7.6 (t, 
J=7.8 Hz. 2 H). APCI-LCMS m/z 225 (70), (M+H). 




15 StepO: 3-(2-amino-1-phenyl-1H-benzimidazol-5-yl)-6-(4- 

chlorophenyl)thiend[3,2-dlpyrimidln-4(3/f)-onetrifluoroacetate 

A mixture of methyl 3-amino-5-(4-chiorophenyl)-2-thiophenecarboxylate (96 
mg, 0.36 mmol) and N.IM-dimethylformamide dimethyl acetai (3 mL) was 

20 stirred at 1 1 0 "C for 30 min. The reaction was then concentrated to dryness, 
and the resulting crude was charged with 1-phenyl-1H-benzimidazole-2,5- 
diamine (Example 76, Step C; 80 mg. 0.36 mmol) and EtOH (5 mL). The 
mixture was stirred at reflux 17 h. The reaction was concentrated to dryness, 
taken up in DMSO, and purified by CI 8 preparative HPLC (1-99% CH- 

25 3CN/H2O 5 min gradient) to afford the title compound as an off-white solid (35 
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mg. 17% yield. *H NMR (400 MHz. DMSO-de) 5 7.1 (d. J=8.4 Hz. 1 H) 7.3 
(dd. J=8.7, 1.8 Hz. 1 H) 7.6 (d. J=8.4 Hz. 2 H) 7.7 (m. 6 H) 7.9 (d. J=8.6 Hz. 2 
H) 8.0 (s. 1 H) 8.4 (s. 1 H). APCI-LCMS /n/z470 (100). (M+H) 

Example 77 



F 




6-(4-chlorophenyl)-3-[2-(4-morpholinyi).1H-benzimldazol-5-yl]thieno[3;2- 
d|pyrimidin-4(3/0-one triffluoroacetate 




Step A: 2-(4-morpholinyl>1H-benzimidazol-5-aniine 

A mixture of 2-chloro-1H-benzlnrildazoi-5-amine (Example 75, Step B; 60 mg, 
0.36 mmol), morpholine (0.5 mL). and EtOH (5 mL) was stirred at refluxed for 
64 h. The mixture was then stirred In a pressure tube at 130 °C for 2 h. The 
reaction was concentrated to dryness to afford the title compound as an 
orange solid (130 mg, quantitative yield). ^H NMR (400 MHz. DMSO-de) 5 2.5 
(m, 1 H) 3.0 (m, 2 H) 3.3 (m, 2 H) 3.7 (m. 3 H) 6.3 (dd. J=8.3. 2.1 Hz, 1 H) 6.5 
(d, J=1.7 Hz. 1 H) 6.9 (d. J=8.3 Hz. 1 H). APCI-LCMS m/z 217 (100), (M-H). 




Step B: 6-(4-chlorophenyl)-3-[2-(4-morphollnyl)-1 H-benzlmidazol-5- 
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ylJthieno[3.2-£flpyrimidin-4(3H)-onetrmuoroacetate 

The title compound was prepared using a similar experimental procedure as 
in Example 76. Step D by substituting 2-(4.morpholinyl)-lH-ben2imldazol-5- 
amine (Example 77. Step A; 74 mg, 0.34 mmol) for 1-phenyMH- 
benzimidazole-2.5^lamine to afford the title compound as an off-white solid 
(45 mg. 23% yield). NMR (400 MHz. DMSO-de) 6 ppm 3.6 (m. 4 H) 3.8 (m 
4 H) 7.4 (dd. J=8.5. 1.7 Hz. 1 H) 7.5 (d, J==8.4 Hz. 1 H) 7.6 (d. J=8.6 Hz 2 H) 
7.6 (s. 1 H) 7.9 (d. J=8.8 Hz, 2 H) 8.0 (s. 1 H) 8.4 (s. 1 H). ES-LCMS m/z 464 
(100). (M+H). 



Example 78 



F 



o 

OH 



6K4K:hlorophenyI)^-[2-(4-methy|.1.p|perazinyl).1H.ben2imida2ol.5. 
yl]thieno[3,2^pyrimldln^(3«)^netrifluoroacetate 



Step A: 2-(4-methyM.piperazinyl)-1H.ben2imidazol-5-amlne 

A mixture of 2.chloro-1/y-benzimidazol-5.amine (Example 75. Step B; 100 mg 
0.6 mmol) and 1-methylpiperazine (2 mL) was stirred in a pressure tube at 
130 °C for 2.5 h. The reaction was concentrated to dryness, and the resulting 
crude purified by silica gel chromatography (15% MeOH/CHaCk) to afford the 
title compound as a brown oil (113 mg, 84% yield). ^H NMR (400 MHz 
DMSO-de) 6 2.2 (s. 3 H) 2.4 (m. 3 H) 3.0 (m. 3 H) 3.4 (m. 2 H) 6.2 (dd. J=8 3 
2.1 Hz. 1 H) Q.4 (d. J=2.1 Hz. 1 H) 6.8 (d. J=8.1 Hz; 1 H). APCI-LCMS m/z ' ' 



wo 2004/092181 



PCT/US2004/010S18 



144 



232 (80). (M+H). 




N — 



Step B: 6-{4-chloiophenyl)-3-[2-(4-methyl-1-piperazlnyl)-1H-benzimidazol-5- 
yllthieno[3,2-cGpyrimidin-4(3H)-one trifluoroacetate 

The title compound was prepared using a similar experimental procedure as 
in Example 76, Step D by substituting 2-(4-methyl-1-piperazlnyl)-1H- 
benzimidazol-5-amlne (Example 78. Step A; 113 mg, 0.49 mmol) for 1-phenyl- 
1/^benzimidazolQ-2.5-dlamine to afford the title compound as an off-white 
solid (24 mg, 8% yield). NMR (400 MHz, DMSO-dg) 5 2.8 (s. 3 H) 3.2 (m, 4 
H) 3.4 (m, 4 H) 7.2 (d. J=10.3 Hz. 1 H) 7.5 (d, J=8.3 Hz, 1 H) 7.5 (s. 1 H) 7.6 
(d. J=8.8 Hz, 2 H) 7.9 (d. J=8.6 Hz, 2 H) 8.0 (s, 1 H) 8.4 (s. 1 H). APCI-LCMS 
m/zA77 (100). (M+H). 



6-(4-chlorophenyl)-3-[2-(1-piperidinyl)-1/#.benzimidazol^yl]thieno[3,2- 
cr|pyrimidir1-4(3H)^ne trifluoroacetate 



Example 79 




CI 




H 




Step A: 2-(1-piperidinyl)-1H-benzlmldazol-5-amine 
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A mixture of 2-chloro-1H-benzlmidazol-5-amine (Example 75, Step B; 100 mg, 
0.6 mmol), piperidine (2 mL), and EtOH (2 mL) stirred In a pressure tube at 
160 "C for 17 h. The reaction was concentrated to dryness, and the resulting 
5 crude purified by silica gel chromatography (0-10% MeOH/CHaCb, 20 min 
gradient; then 10% MeOH/CHaCb for 20 min) to afford the title compound as a 
brown solid (1 1 1 mg, 86% yield). NMR (400 MHz, DMSO-de) 5 1 .6 (m, 4 
H) 1.6 (m, 2 H) 3.0 (m, 2 H) 3.3 (s, 2 H) 6.3 (dd, J=8.1. 2.1 Hz. 1 H) 6.5 (d. 
J=2.1 Hz. 1 H) 6.9 (d. J=8.3 Hz, 1 H). APCI-LCMS m/z 21 7 (100), (M+H). 



Step B: 6-(4-chlorophenyl)-3-[2-(1-piperidinyi)-1H-benzimidazoi-5- 
yqthieno[3.2-or]pyrimidin-4(3H)-onetrifluoroacetate 

A mixture of 2-(1-piperidinyl)-1H-benzimidazol-5-amine (Example 79, Step A; 

15 1 1 1 mg. 0.51 mmol), methyl 5-(4-chlorophenyl)-3-{((1 E)- 

(dimethylamino)methylidene]amino}-2-thiophenecarboxylate (Example 1, Step 
D; 166 mg, 0.51 mmol) and EtOH (5 mL) stirred at reflux for 24 h. The 
reaction was concentrated to dryness, taken up in DMSO. and purified by CI 8 
preparative HPLC (1-99% CH3CN/H2O 5 min gradient) to afford the title 

20 compound as a white solid (45 mg, 1 5% yield). ^H NMR (400 MHz, DMSO- 
cfe) 6 ppm 1 .7 (m, 6 H) 3.6 (s, 4 H) 7.4 (dd. J=8A. 1 .9 Hz, 1 H) 7.5 (d, J=8.4 
Hz, 1 H) 7.6 (d, 2 H) 7.6 (d. J=1 .9 Hz, 1 H) 7.9 (d, 2 H) 8.0 (s. 1 H) 8.4 (s, 1 
H). ES-LCMS m/z 462 (100), (M+H). 

25 Example 80 



10 
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H 

O JOC''^"'^'^ 
II 



Step A: 5-nitro-1H-benzimidazol-2-amine 



A mixture of (2-ammo-4-nitrophenyl)amine (3 g, 19.6 mmol), 3 M cyanogen 
bromide In CH2CI2 (6.53mL. 19.6mmol), MeOH (50mL) and H2O {50mL) was 
stirred at room temperature for 18 h. The reaction was concentrated to 
dryness, and ttie resulting crude purified by silica gel chromatography (0-10% 
MeOH/CHaCIa, 30 min gradient; then 10% MeOH/CHzCb for 30 min) to afford 
the title compound as an orange solid (2.67 g, 77% yield). NMR (400 MHz, 
DMSO-de) 5 7.5 (d. J=8.6 Hz. 1 H) 8.1 (dd, 1 H) 8.1 (d, 1 H) 8.9 (s, 2 H). ES- 
LCMS m/z 179 (100), (M+H). 



A mixture of 5-nitro-1 H-benzimidazol-2-amine (Example 80, Step A; 200 mg, 
1 .12 mmol), 10% Pd/C (20 mg), and EtOH (20 mL) stirred under an 
atmosphere of Ha (1 atrft) for 17.5 h. The reaction was filtered over Celite, 
and the filtrate concentrated to dryness to afford the title compound as a 
purple oil (200 mg. qualitative yield). ^H NMR (400 MHz, DMSO-de) 5 3.3 (m. 



H 




Step B: 1H-benzimidazole-2,5-diamine 
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2 H) 6.4 (dd, J=8.4, 2.1 Hz, 1 H) 6.5 (d. J=1.7 Hz. 1 H) 7.0 (d. J=8.4 Hz. 1 H) 
8.0 (s. 2 H). ES-LCMS m/z 149 (100), (M+H). 




5 Step C: 3-(2-amino-1H-benzimidazol-5-yl)-6-(4-chlorophenyl)thleno[3,2- 

dlpyiimidin-4(3H)-one trifluoroacetate 

* 

The title compound was synthesized by substituting 1/-/-benzimidazoie-2,5- 
diamine (Example 80, Step B; 166 mg, 1.12 mmoi)for 2-(1-piperidlnyl)-1H- 
10 benzimidazol-5-amine and employing the techniques found in Example 79 
Step B to afford the title compound as a yellow solid (155 mg, 27% yield). ^H 
NMR (500 MHz, DMSO-de) 5 7.4 (dd. J=8.4, 2.0 Hz. 1 H) 7.5 (d. J=8.5 Hz, 1 
H) 7.6 (m, 3 H) 7.9 (d. 2 H) 8.0 (s, 1 H) 8.4 (s, 1 H) 8.7 (s, 2 H). APCI-LGMS 
m/z 394 (100), (M+H). 

15 

Example 81 



F 




6-(4K:hlorophenyl)-3-[2-(methylamino)-1H-benzimidazol-5-yl]thieno[3,2- 
Gf|pyrfiniclin-4(3H)-one trifluoroacetate 




o 
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Step A: /V-nnethyi-5-nitro-1H-benzimiclazol-2-amine 



A mixture of 2-chloro-5-nitro-1/i-benzimidazoIe (Example 75, Step A; 100 mg, 
0.51 mmol) and 2 M methylamine in MeOH (5 mL) stirred in a pressure tube 
5 at 160 °C for 24 h. The reaction was cooled, and concentrated to dryness to 
afford the title compound as an orange solid (162 mg, quantitative yield). The 
crude compound was used directly in the next step. NMR (400 MHz, 
DMSO-de) 5 2.9 (d, J=3.3 Hz. 3 H) 7.2 (m, J=8.4 Hz. 1 H) 7.3 (s, 1 H) 7.9 (d, 
J=8.4 Hz, 1 H) 7.9 (m, J=2.1 Hz. 1 H). ES-LCMS m/z 193 (100), (M+H). 



A mixture of /V-methyl-5-nitro-1H-benzimidazol-2-amine (Example 81 , Step A; 
1 5 162 mg, 0.54 mmol), 10% Pd/C (16 mg). and EtOH (25 mL) stirred under an 
atmospherexbf Ha (1 atm) for 4 h. The reaction was filtered over Celite, and 



the filtrate concentrated to dryness to afford the title compound as a brown oil 
(131 mg, 96% yield). ^H NMR (300 MHz, DMSO-de) S 2.9 (s, 3 H) 6.3 (dd, 
J=8.3. 1.9 Hz, 1 H) 6.5 (d, J=1.9 Hz, 1 H) 6.9 (d, J=8.Z Hz, 1 H). ES-LCMS 
20 m/z 163 (100), (M+H). 



10 




Step B: A/^-methyl-1H-benzimidazole-2,5-diamine 



o 




Step C: 6-(4-chlorophenyl)-3-[2-(methylamino)-1H-benzimidazol-5- 
yl]thieno[3,2-cQpyrimidin-4(3H)-onetrifluoroacetate 



25 The title compound was synthesized by substituting A^-methyl-IH- 

benzimidazole-2,5-diamine (Example 81 , step B; 131 mg, 0.81 mmol) for 2- 
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(1-pjperidinyl)-1H-benzimiclazol-5-amine and employing the techniques found 
in Example 79, Step B to afford the title cx)mpound as a tan solid (40 mg, 9% 
yield). NMR (400 MHz, DMSO-dg) 8 3.0 (d. J=4.8 Hz, 3 H) 7.4 (dd, J=8.4. 
1 .8 Hz, 1 H) 7.5 (d. J=8.4 Hz, 1 H) 7.6 (m. J=8.4 Hz, 3 H) 7.9 (d. J=8.4 Hz, 2 
5 H) 8.0 (s, 1 H) 8.4 (s. 1 H) 8.9 (s, 1 H). ES-LCMS m/z 408 (100), (M+H). 

Example 82 

F / 

6-(4-chlorophenyl)-3-[2-(dimethylaniino)-1 -methyl-1 /f-benzimidazol-5- 
10 yl]thieno[3,2-cr|pyrimidin-4(3fO-one trifluoroacetate 

step A: 2-chloro-lHnethyi-1H-benzimidazoie 

1 5 Oimethylsulfate (5.5 mL) was added drop-wise to a solution of 2- 

ciilorobenzimidazole (5 g, 32.77 mmol) and 10 N NaOH (aq) (7.5mL) in H2O 
(57.5 mL) at 0 "C. The mixture stirred at 0 °C for 1 h and room temperature 
for 17 h. The resulting precipitate was filtered, washed with H2O, azeotroped 
wHh toluene, and placed under a high vacuum to dry. The title compound was 

20 afforded as an off-white solid (4.04 g, 74% yield). NMR (400 MHz. DMSO- 
de) S 3.8 (s, 3 H) 7.3 (m, 2 H) 7.6 (m, 2 H). APCI-LCMS m/z 167 (50), (M+H). 

/ o 
Step B: 2-chIoro-1-methyl-5-nitro-1H-benzimidazole and 2-chloro-1-methyl-6- 
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nitro-1 H-benzimidazoie 

Cone. HNO3 (8 mL) was added drop-wise to a mixture of 2-chioro-l-inethyl- 
IH-benzimidazoIe (4.04 g, 24.25 mmol) and cone. H2SO4 (25 mL) at 0 'C. 
5 The mixture stirred at 0 'C for 1 h. The reaction was charged with ice water 
(200 mL), and then extracted with EtOAc. The organics were dried over 
MgS04 (anhy.), filtered, and concentrated to dryness. The resulting crude 
was purified by silica gel chromatography (0-50% EtOAc/hexanes, 30 min 
gradient; then 50% EtOAc/hexanes, 30 min) to afford 2-chloro-1-methyl-5- 

1 0 nitro-1 H-benzimidazole as a yellow solid (552 mg, 11 % yield, RM).625 
50%EtOAc/hexanes): NMR (400 MHz, DMSO-de) 5 3.9 (s. 3 H) 7.8 (d. 
J=9.0 Hz, 1 H) 8.1 (d, J=8.9, 2.3 H^. 1 H) 8.7 (m, J=^2A Hz, 1 H). ES-LCMS 
nVz 21 1 (10), (M+H) and 2-chloro-1-methyl-6-nitro-1H-benzlmidazole as a 
yellow solid (142mg, 3% yield, Rf^.5 50%EtOAc/hexanes), ^H NMR (400 

15 MHz, DMSO-de) 5 3.9 (s. 3 H) 7.8 (d. J=9.1 Hz, 1 H) 8.2 (dd, J=9.0, 2.2 Hz. 1 
H) 8.5 (d, J=2.1 Hz, 1 H), ES-LCMS m/z 21 1 (1 00), (M+H). 




o 



Step C: A/.W,1-trimethyl-5-nitro-1H-benzimidazol-2-amine 

20 

A mixture of 2-chloro-1-methyl-5-nitro-1 H-benzimidazole (Example 82, Step 
B; 140 mg, 0.66 mmol), 2 M dimethylamine in ThJF (1 mL), and EtOH (15 mL) 
stlnned at 100 ''C in a pressure tube for 4 h. The reaction was concentrated to 
dryness, and the resulting crude was purified by silica gel chromatography 
25 (1 0% MeOH/CHaCIa) to afford the title compound as an orange solid (1 02 mg, 
70% yield). ^H NMR (300 MHz, DMSO-de) 5 3.3 (s. 3 H) 3.7 (s, 6 H) 7.5 (s, 1 
H) 8.0 (d. J=2.2 Hz, 1 H) 8.2 (d. J=2.2 Hz, 1 H). ES-LCMS m/z 221 (100), 
(M+H). 



wo 2004/092181 



PCT/US2004/010518 




Step D: A/^.A/^,1-trimethyl-1H-benzimldazole-2,5-dlamine 



A mixture of J -trimethyl-5-nitro-1H-benzimidazol-2-amine (Example 82, 
5 Step C; 1 02 mg, 0.46 mmol), 1 0% Pd/C (1 Omg), and MeOH (1 0 mL) stirred 
under an atmosphere of H2 (1 atm) for 1 h. The reaction was filtered over 
Celite, and the filtrate concentrated to dryness to afford the title compound as 
an orange oil (82 mg, 94% yield). NMR (400 MHz, DMSO-de) 8 2.8 (s, 6 
H) 3.5 (s. 3 H) 4.5 (s, 7 H) 6.4 (dd, J=8.3, 2.1 Hz, 1 H) 6.6 (d, J=1.9 Hz. 1 H) 
10 6.9 (d, J=8.3 Hz, 1 H). ES-LCMS w/z 191 (100). (M+H). 



Step E: 6-(4-chlorophenyl)-3-[2-(dimethylamino)-1-methyl-1H-benzlmidazol- 



The title compound was synthesized by substituting A/^,A/^,1 -trimethyl-1 H- • 
benzimidazole-2,5-diamine (Example 82, Step D; 82 mg, 0.43 mmol) for 2-(1- 
piperidinyl)-1/-/-benzimidazol-5-amine and employing the techniques found in 
Example 79, Step B to afford the title compound as an off-white solid (16 mg, 
20 7% yield). ^H NMR (400 MHz, DMSO-de) 5 3.2 (s, 6 H) 3.8 (s, 3 H) 7.4 (d, 

J=8.8 Hz, 1 H) 7.6 (d. J=8.8 Hz, 2 H) 7.6 (d, J=2.2 Hz. 1 H) 7.7 (d, J=8.4 Hz, 1 
H) 7.9 (d. J=8.8 Hz. 2 H) 8.0 (s, 1 H) 8.4 (s, 1 H). ES-LCMS m/z436 (100), 
(M+H). 

25 Example 83 



Q 




5-yl]thieno[3,2-(/lpyrimidln-4(3H)-onetrifluoroacetate 



15 
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6-(4-chlorophenyl)-3-{2-[(1 -inethylethyl)amino]-1 H-benzimidazol-5- 
yl}thieno[3,2-cl|pyrimidin-4(3fO-one trifluoroacetate 




5 



II 
o 



Step A: A/-(1-methylethyl)-5-nitro-1H-ben2imidazol-2-amine 

A mixture of 2-chloro-5-nitro-1H-benzimldazole (Example 75, Step A; 150 mg, 
0.76 mmol). isopropylamine (647 jiL, 7.6 mmol). and EtOH (5 mL) stirred In a 

10 pressure tube at 160 °C for 23 h. The reaction was concentrated to dryness, 
and the resulting crude was purified by silica gel chromatography (50-100% 
EtOAc/hexanes. 30 min gradient; then 100% EtOAc/hexanes.. 15 min) to 
afford the title compound as a yellow solid (96 mg, 57% yield). NMR (400 
MHz. DMSO-de) 5 1.2 (s. 3 H) 1.2 (s, 3 H) 3.3 (s. 1 H) 3.9 (m, J=13.6. 7.0 Hz, 

15 1 H) 7.2 (d, J=8.8 Hz. 1 H) 7.9 (d. J=8.2 Hz, 1 H) 7.9 (d. J=2.4 Hz, 1 H) 1 1 .1 
(d, 1 H). ES-LCMS m/z 221 (100). (M+H). 



20 A mixture of /V-(1-methylethyl)-5-nitro-1 H-benzimidazol-2-amine (Example 83, 
Step A; 96 mg, 0.43 mmol), 10% Pd/C (10 mg). and MeOH (15 mL) stirred 
under an atmosphere of Ha (1 atm) for 2 h. The reaction was filtered over 
celite, and the filtrate concentrated to dryness to afford the title compound as 
a brown solid (80 mg, 98% yield). ^H NMR (400 MHz, DMSO-de) 5 1.1 (s, 3 




Step B: A/^-(1-methylethyl)-1H-benzimida20le-2.5-diamlne 
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H) 1.1 (s. 3 H) 3.8 (m. 1 H) 4.3 (s, 1 H) 4.4 (s. 2 H) 6.0 (m. 2 H) 6.8 (dd. 
J=20.3, 8.2 Hz. 1 H) 10.1 (d. J=32.2 Hz, 1 H). ES-LCMS m/z 191 (100). 
(M+H). 



Step C: 6-(4-chlorophenyI)-3-{2-[(1 -methylethyl)amino]-1 H-benzlmldazol-5- 
yl}thieno[3,2-c/]pyrimidin-4(3H)-one trifluoroacetate 

The title compound was synthesized by substituting A^-(1-methylethyl)-1H- 
benzimidazole-2.5-diamine (Example 83, Step B; 80 mg. 0.42 mmol) for 2-(1- 
piperidinyl)-1H-benzimidazol-5-amine and employing the techniques found in 
Example 79. Step B to afford the title compound as an off-white solid (16 mg, 
7% yield). ^H NMR (400 MHz, DMSO^de) 6 1 .3 (s, 3 H) 1 .3 (s, 3 H) 3.9 (m. 1 
H) 7.4 (dd. J=8.4, 1.9 Hz, 1 H) 7.5 (d. J=8.4 Hz, 1 H) 7.6 (m, 3 H) 7.9 (m, 2 H) 
8.0 (s. 1 H) 8.4 (s. 1 H) 9.1 (s, 1 H). ES-LCMS /n/z 436 (100), (M+H). 



6-(4-chlorophenyl)-3H[2-(methylamino)-1 -phenyl-1 H-benzimidazol-5- • 
yl]thieno[3,2-dIpyrimid!n-4(3H)-one trifluoroacetate 




Example 84 
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n 



O 



Step A: A/-methyl-5-nltro-1 -phenyl-1 ^y-benzimidazol-2-amine and A/,N- 
dimethyl-5-nitro-1 -phenyM H-benzimidazot-2*amine 

5 NaH (71 mg, 2.96 mmol) was added to a solution of 5-nitro-1 -phenyl-1 H- 
benzimidazol-2-amine (Example 76, Step B; 500 mg. 1.97 mmol) in DMF (15 
mL) at 0 ""C. The mixture was stin-ed at 0 ""C for 30 min, then iodomethane 
(184 ^iL, 2.96 mmol) was added at 0 °C. The mixture was stirred at room 
temperature for 16 h. The reaction was charged with H2O, and extracted with 

10 EtOAc. The organics were dried over MgS04 (anhy), filtered, and 

concentrated to dryness. The resulting crude was purified by silica gel 
chromatography (0-80% EtOAc/hexanes, 90 min gradient) to afford Af-methyl- 



5-nitro-1-phenyl-1H-benzimidazol-2-amine as a yellow solid (107 mg, 20% 



15 4.5. 4.5 Hz. 1 H) 6.9 (d. J^8.8 Hz. 1 H) 7.5 (m. 2 H) 7.6 (m, 1 H) 7.6 (m. 2 H) 
7.8 (dd. J=8.7, 2.3 Hz, 1 H) 8,1 (d, J=Z2 Hz. 1 H). APCI-LCMS m/z 269 (100), 
(M+H) and N.AfKlimethyl-5-nitro-1-phenyi-1H-benzimidazol-2-amine as a 
yellow solid (79 mg. 14% yield). ^H NMR (400 MHz, DMSO-c/e) 8 2.8 (s. 6 H) 
7.0 (d. J=8.8 Hz. 1 H) 7.6 (m, 3 H) 7.6 (m. 2 H) 7.9 (dd. J=8.8. 2.2 Hz, 1 H) 

20 8.1 (d, J=2.2 Hz. 1 H). APCI-LCMS m/z 283 (100), (M+H). 



25 A mixture of /V-methyl-5-nitro-1 -phenyl-1 H-benzimidazol-2-amine (Example 
84, Step A; 107 mg. 0.40 mmol), 10% Pd/C (10 mg), and EtOH (20 mL) 



r 



yield): 



)\ ^H NMR (400 MHz, DMSO-de) 5 2.9 (d, J=4.6 Hz, 3 H) 6.7 (m. J=4.5, 




Step B: A/^-methyl-1 -phenyl-1 H-benzimidazole-2,5-diamine 
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Stirred under an atmosphere of H2 (1 atm) for 2 h. The reaction was filtered 
over celite. and the filtrate concentrated to dryness to afford the title 



compound as a tan residue (94 mg. 99% yield). NMR (400 MHz. OMSO- 
de) 5 2.8 (d. J=4.7 Hz. 3 H) 4.5 (s. 2 H) 6.0 (d, J=4.3 Hz, 1 H) 6.2 (dd, J=8.2, 
5 2.2 Hz, 1 H) 6.5 (m, 2 H) 7.4 (m, 3 H) 7.6 (m. 2 H). ES-LCMS m/z 239 (100), 
(M+H). 



Step C: 6-(4-chlorophenyI)-3-[2-(methylamino)-1 -phenyl-1 H-benzimidazol-5- 



A mixture of A/^-methyi-1 -phenyl-1 H-benzimidazole-2,5-diamine (Example 84, 
Step B; 90 mg, 0.38 mmd), methyl 5-(4^-chlorophenyl)-3-{[(1£)- 
(dimethyiamino)methylidene]amlno}-2-thiophenecarbo)^tate (Example 75, 

1 5 Step D; 1 22 mg, 0.38 mmol) and phenol (2 mL) stirred at reflux for 1 5 min. 
The reaction was charged with additional methyl 5-(4-chlorophenyl)-3-{[(1 Ey 
(dimethylamino)methylidene]amino}-2-thiophenecarix»^ate (E}»mple 75, 
Step D; 61 mg, 0.19 mmol) and stirred at reflux for 15 min. The reaction was 
taken up in DMSO, and purified by C18 preparative HPLC (1-99% 

20 CH3CN/H2O 5 min gradient) to afford the title compound as a white solid (55 
mg. 24% yield). ^H NMR (400 MHz, DMSO-ds) 5 3.0 (d, J=4.8 Hz, 3 H) 7.1 (d, 
J=8.4 Hz. 1 H) 7.3 (d. J=9.0 Hz, 1 H) 7.6 (d. J=8.8 Hz, 2 7.7 (m. 6 H) 7.9 
(d, J=8.8 Hz. 2 H) 8.0 (s, 1 H) 8.4 (s, 1 H). ES-LCMS /r/z484 (100), (M+H). 




10 



yi]thieno[3,2-d]pyrimidin-4(3i^-one.trifluoroacetate 



25 



Example 85 
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6-<4-chlorophenyl)-342-(dimethylaminoH -phenyl-l H-benzimidazol^- 
yl]thieno[3,2-cf|pyrimidin-4(3H)-one trifluoroacetate 

The title compound was synthesized by substituting A/,A/-dimethyl-5-nitro-1- 
phenyl-1H-benzimldazol-2-amine (Example 84, Step A; 79 mg, 0.28 mmol) for 
yV-methyl-5-nitro-1-phenyl-1H-benzimidazol-2-amine and employing the 
techniques found in Example 84, Steps B and C to afford an off-white solid 
(21 mg. 13% yield). NMR (400 MHz. DMSO-de) 5 2.9 (s. 6 H) 7.0 (d, J=8.6 
Hz. 1 H) 7.3 (m. 1 H) 7.6 (d. J=8.8 Hz, 2 H) 7.7 (m, 6 H) 7.9 (d, J=8.6 Hz, 2 H) 
8.0 (s, 1 H) 8.4 (s, 1 H). ES-LCMS m/z49B (100), (M+). 

Example 86 




6-(4-chlorophenyl)-3-[2-(1-pyrrolidinyi)-1H-benzimidazol-5-yl]thieno[3,2- 
oQpyrimidin-4(3fO-one trifluoroacetate 

H 

II 

o 

step A: 5-nitro-2-(1 -pyrro;idinyl)-1 H-benzimidazole 
A mixture of 2-chloro^5-nitro-1H-b6nzimidazole (Example 75. Step A; 100 mg. 
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0.6 mmol), pyrrolidine (2 mL). and EtOH (10 mL) stirred in a pressure tube at 
160 "C for 18 h. The reaction was and concentrated to dryness to afford the 
title compound as a brown oil (213 mg. quantitative yield). NMR (400 MHz. 
DMSO-de) 5 2.0 (m, 4 H) 3.5 (m, 4 H) 7.2 (dd, J=8.6. p.5 Hz, 1 H) 7.9 (m, 2 
5 H). APCI-LCMS w/z 233 (100). (M+H). 




Step B: 2-(1-pyrrolidinyl)-1H-benzimidazol-5-arhine 

A mixture of 5-nitro-2-(1-pyrrolidinyi)-1H-benzimidazole (Example 86. Step A; 

10 139 mg, 0.6 mmol), 10% Pd/C (10 mg), and MeOH (10 mL) stirred under an 
atmosphere of H2 (1 atm) for 1 h. The reaction was filtered over celite. and 
the filtrate'concentrated to dryness to afford the title compound as a tan solid 
(186 mg, quantitative yield). ^H NMR (400 MHz, DMSO-de) 5 1.9 (m, 4 H) 3.4 
(m, 4 H) 6.2 (dd, J=8.2, 2.2 Hz. 1 H) 6.4 (d. J=2.1 Hz, 1 H) 6.8 (d. J=8.3 Hz, 1 

15 H). APCI-LCMS m/z 203 (100), (M+H). 

F H 




StepC:6-(4-chlorophenyl)-3-[2-(1-pyrrolidinyl)-1H-benzimidazol-5- 
yl]thieno[3,2-c/]pyrimidin-4(3H>-onetrifluoroacetate 

20 

A mixture of 2-(1-pyrroltdinyl)-1H-benzimidazol*5-amine (Example 86, Step B; 
121 mg, 0.6 mmol), methyl 5-(4-chlorophenyl)-3-{[(1£)- 
(dimethylamtno)methylidene]amino}-2-thiophenecarboxylate (Example 1 , Step 
D; 86 mg. 0.27 mmol). and phenol (2 mL) stirred at 200 for 30min. The 
25 mixture was cooled to room temperature, then partitioned between EtOAc and 
IN NaOH (aq). The organlcs were concentrated to dryness, and the resulting 
crude was taken up in DMSO, and purified by C18 preparative HPLC (1-99% 
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CH3CN/H2O 5 min gradient) to afford the title compound as an off-white solid 
(50 mg. 15% yield). H NMR (400 MHz, DMSO-t/e) 5 2.1 (m. 4 H) 3.6 (m. 4 H) 
7.4 (dd, J=8.3. 1.9 Hz, 1 H) 7.5 (d, J=8.3 Hz. 1 H) 7.6 (d, J=8.6 Hz, 2 H) 7.6 
(d, J=1.9 Hz. 1 H) 7.9 (d. J^S.B Hz, 2 H) 8.0 (s. 1 H) 8.4 (s. 1 H) 13.0 (s, 1 H). 
ES-LCMS m/z 448 (100). (M+H). 



Example 87 




6-(4-chlorophenyl)-3-[2-(cyclopropylamino)-1H-benzimidazol-5- 
yl]thieno[3,2-cQpyrimidln-4(3/#)one trifluoroacetate 

The title compound was synthesized by substituting cydopiopytamine (1 mL) 
for pyrroildine and employing the techniques found in Example 86, Steps' A, B, 
and C to afford an off-white solid (1 6 mg. 1 1 % yield). ^H NMR (400 MHz. 
DMSO-ds) 6 0.7 (m, 2 H) 0.9 (m, 2 H) 2.8 (s, 1 K) 7.4 (dd. J=8.3, 1.9 Hz, 1 H) 
7.5 (d, J=8.1 Hz, 1 H) 7.6 (m. 3 H) 7.9 (d. J=8.6 Hz. 2 H) 8.0 (s, 1 H) 8.4 (s, 1 
H) 9.4 (s, 1 H) 12.9 (s, 1 H). ES-LCMS m-^e 434 (100), (M+H). 

Example 88 

F H \ 

6-(4-chlorophenyl)-3-{2-[(dimethylamino)methyl]*1H-benzimidazol-^^ 
yl}thieno[3,2-Gflpyrimidin-4(3H)*<»^6 trifluoroacetate 




wo 2004/092181 



PCT/US2004/010S18 



159 

H 



M 
O 

Step A: 2-(chloromethyl)-5-nrtro-1H-benzlmidazole 

A mixture of 2-(chloromethyl).1H-benzimidazole (1 g. 6 mmol), cone. HNQ, (2 
mL). and cone. H2SO4 (6 mL) stirred at 0 <»C for 30 min. The reaction was 
charged with Ice.water (200 mL). and then extracted with EtOAc. The 
organics were dried over MgS04 (anhy.), filtered, and concentrated to dryness 
to afford the title compound as an orange solid (940 mg, 74% yield). NMR 
(400 MHz. DMSO-de) 5 5.0 (s. 2 H) 7.7 (d. J=9.3 Hz. 1 H) 8.1 (dd. J=9.0. 2.2 
Hz. 1 H) 8.5 (d, J=2.4 Hz, 1 H). APCI-LCIVIS m/z 210 (100), (M-H). 

6 

step B: /V./V-dlmethyl-1-(5-nitro-1H.benzimidazol-2-yl)methanamine 

A mixture of 2-(chloromethyl)-5-nitro-1H-benzimidazole (Example 88. Step A; 
940 mg, 4.44 mmol). 2 M dimethylamlne in MeOH (10 mL), and MeOH (20 
mL) stirred at 100 "C in a pressure tube for 17 h. The reaction was 
concentrated to dryness, and the resulting crude was purified by silica gel 
chromatography (0-10% MeOH/CHzCb. 30 min gradient; then 10% 
MeOH/CH2Cl2, 30 min) to afford the title compound as an orange solid (350 
mg. 36% yield). ^H NMR (400 MHz, DMSO-ds) 5 2.2 (s. 6 H) 3.7 (s. 2 H) 7.6 
(s, 1 H) 8.1 (d. J=7.Q Hz. 1 H) 8.4 (s. 1 H). ES-LCMS m/z 221 (100). (M+H). 




Step C: 2-[(dimethylamlno)methyl].1H.benzimidazoI-5-amlne 
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/V./V-Dimethyl-1-(6-nrtro-1H-beiizimlda2ol-2-yl)methanamlne (Example 88, 
Step B: 350 mg, 1.59 mmol) was added portion-wise to a solution of Sn(ll)Cl2 
2H2O (1.26 g. 5.56 mmol) In cone. HCI (5 mL) at room temperature. The 
mixture stored at room temperature for 15 min, then at 100 *C for 2h- The 
reaction mixture was cooled to room temperature, poured Into Ice. made pli=8 
with 10 N NaOH (aq). then concentrated to dryness. The crude residue was 
sHrred in MeOH/CHaCb. then hot filtered. The filtrate was concentrated to 
dryness, and the crude reside was purified by silica gel chromatography (0- 
15% 2M ammonia In MeOH/CHaCb, 30 mIn gradient; then 15% 2 M ammonia 
In MeOH/CH2Cl2, 30 mIn) to afford the title compound as a tan solid (160 mg. 
53% yield). NMR (400 MHz, DMSO-cfe) 5 2.2 (s, 6 H) 3.5 (s, 2 H) 6.4 (dd. 
J-8.4. 2.2 Hz, 1 H) 6.6 (s. 1 H) 7.1 (d. J=8.4 Hz. 1 H). ES-LCMS m/z 191 
(30), (M+H). 



OH 

F ^ \ 




Step D: 6-(4^htorophenyl>3-{2-[(dlmethylamlno)methylMH-benzlmldazol-5. 
yl>thleno[3,2-dlpyrimldin-4(3fy)-onetrifluoroacetate 

A mixture of 2-[(dlmethylamlno)methyl]-l Ay-benzimldazol-5.amine (Example 
88. Step C; 50 mg. 0.27 mmol). methyl 5-(4-chlorophenyl)-3-{[(1E). 
(dimethylamlno)methylldene]amino)-2-thfophenecarboxylate (Example 75. 
Step D; 271 mg, 0.84 mmol), and phenol (2 g) stined at 200 °C for 30 min. 
The mixture was cooled to room temperature, charged with 1 N NaOH (aq) 
(40 mL). then extracted with CH2CI2. The organics were dried over MgS04 
(anhy.), filtered, and the filtrate concentrated to dryness. The resulting crude 
was stirred in MeOH at reflux until homogeneous, and upon cooling a ten 
precipitate fomned. This precipitate was filtered, taken up in DMSO, and 
purified by C18 preparative HPLC (1-99% CH3CN/H2O 5 mIn gradient) to 
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afford the title compound as a white solid (25 mg. 5% yield). NMR (400 
MHz. DMSO-ds) 5.2.9 (s, 6 H) 4.6 (s, 2 H) 7.4 (dd. J=8.5, 2.0 Hz, 1 H) 7.6 (d. 
J=8.6 Hz. 2 H) 7.8 (d. J=8.4 Hz. 1 H) 7.9 (d. J=1.9 Hz. 1 H) 7.9 (d. J=8.6 Hz. 2 
H) 8.0 (s, 1 H) 8.5 (s. 1 H). ES-LCMS m/z 436 (100). (M+H). 



Example 89 




6-(4-chlorophenyl).3-[1 •methyl-2-(1 -pyrroliclinyl)-1 H-benzimidazol-5- 
yl]thieno[3,2-d|pyrimidin-4(3/f)-onetrifluoroacetate 



Step A: 1-methyl-2-(1 -pyrrolidinyl)-1 H-benzimidazol-5-amine 

A mixture of 2-chloro-1-methyl-1H4)enzimidazol-5-amine (Example 11, Step 
C; 200 mg. 1.1 mmol), pyrrolidine (2 mL). and EtOH (10 mL) stirred In a 
pressure tube at 160 "C for 21.5 h. The reaction was and concentrated to 
dryness, and the resulting crude was purified by silica gel chromatography (0- 
7.5% MeOH/CHaCla. 1h gradient) to afford the title compound as a pink solid 
(161 mg. 68% yield). NMR (400 MHz. DMSO-de) 5 1 .9 (m. 4 H) 3.5 (m. 4 
H) 3.5 (s. 3 H) 6.3 (dd. J=8.3. 2.1 Hz. 1 H) 6.5 (d, J=2.2 Hz. 1 H) 6.9 (d, J=8.4 
Hz, 1 H). ES-LCMS m/z 217 (100), (M+H). 




J- 
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Step B: 6-(4-chIorophenyl)-3-[1 -methyl-2-(1 -pyrrolidinyl)-1 H-benzimidazol-S- 
yl]thieno(3.2-dlpyrimidjn-4(3H)-onetrifluoroacetate 

A mixture of 1-methyl-2-(1-pyrrolidinyl)-1H-benzimidazol-5-amine (Example 
89, Step A; 161 mg. 0.75 mmol). methyl 5-(4-chlorophenyl)-3-{((1E)- 
(dimethylamino)methylidene]amino}-2-thiophenecarboxylate (Example 1 , Step 
D; 241 mg, 0.75 mmol), and phenol (1 g) stin-ed at 200, °C for 30 min. The 
mixture was cooled to room temperature, charged with 1 N NaOH (aq) (15 
mL). then extracted with CH2CI2. The organics were dried over MgS04 
(anhy.), filtered, and the filtrate concentrated to dryness. The resulting crude 



was charged with DMSO (2 mL) and EtOH (5 mL). The resulting yellow 
precipitate was filtered, washed with EtOH, then taken up in DMSO (3 mL) 
and a drop of TFA. and purified by CI 8 preparative HPLC (1-99% 
CH3CN/H2O 5min gradient) to afford the title compound as a white solid (179 
mg, 41% yield). NMR (400 MHz, DMSO-de) 5 2.0 (m, 4 H) 3.8 (t. J=6.5 Hz, 
4 H) 3.9 (s. 3 H) 7.5 (dd, J=8.6, 1.9 Hz, 1 H) 7.6 (m, 2 H) 7.6 (d. J=1.9 Hz, 1 
H) 7.7 (d. ^8.6 Hz. 1 H) 7.9 (m, 2 H) 8.0 (s, 1 H) 8.4 (s, 1 H). ES-LCMS m/z 
462 (100), (M+H). 



6-(4-chlorophenyl)-3-[1 -methyl-2-(1 -py rrolidinyl)-1 H-benzlmidazol-G- 
yl]thleno[3,2-cqpyrimidin-4(3H)-onetrifluoroacetate 



The title compound was synthesized by substityting 2-chloro-1-methyl-1H- 
benzimidazol-6-amine (Example 85, Step C; 200 mg, 1.1 mmol) for 2-chloro- 
1-methyl-1H-benzimidazol-5<-amine and employing the techniques found in 



Example 90 




F 
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Example 89, Steps A and B to afford a white solid (295 mg, 51% yield). 
NMR (400 MHz. DMSO-cfe) 6 1.9 (m. 4 H) 3.4 (t, J=:6.7 Hz, 4 H) 3.5 (s. 3 H) 
4.7 (8. 2 H) 6.3 (dd, J=8.1. 2.3 Hz. 1 H) 6.4 (d. J=2.0 Hz. 1 H) 6.9 (d, J=8.4 
Hz, 1 H). ES-LCMS m/z 217 (100). (I\/I+H). 



Example 91 




6-(4-chlorophenyl)-3-{2-(methylamino)-1 -[3-(methyloxy)propyl]-1 H- 
benzimidazol-5-yl}thieno[3,2-cqpyrimidln-4(3H)-onetrifluoroacetate 




o 



Step A: A/*-[3-(methyloxy)propyl]-4-nitro-1,2-benzenediamine 

A mixture of 2-fluoro-5-nitroantline (1 g, 6.41 mmol), [3- 
(methyloxy)propyl]amine (571 mg, 6.41 mmol), and EtOH (10 mL) stirred at 
reflux for 1 h, then in a pressure tube at 160 °C for 20 h. The reaction was 
charged with additional [3-(methytoxy)propyl]amine (2.5 niL) and then stirred 
in a pressure tube at 160 ''C for 24 h. The mixture was concentrated, and the 
resulting crude purified by silica gel chromatography (CHaCb) to afford the title 
compound as an orange solid (350 mg, 24% yield). ^H NMR (400 MHz, 
DMSO-de) 5 1.8 (m, 2 H) 3.2 (m, 5 H) 3.4 (t, ^6.1 Hz, 2 H) 5.1 (s. 2 H) 5.9 (t, 
J=5.2 Hz, 1 H) 6.4 (d, »/=8.8 Hz, 1 H) 7.4 (d. J=2.7 Hz, 1 H) 7.5 (dd, J=8.8. 2.7 
Hz, 1 H). ES-LCMS m/z 226 (100), (M+H). 
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O 



O 



Step B: A/-methyl-1-[3-(methyloxy)propyl]-5-nitro-1H-ben2imldazol-2-amine 

A mixture of A/^-[3-(methyloxy)propyl]-4-nitro-1 .2-benzenedlamine (Example 
91 . Step A; 350 mg. 1 .55 mmol). (methylimino)(thioxo)methane (175 mg, 2.4 
mmol). and pyridine (10 mL) stirred at 90 °C for 15 min. The mbcture was 
cooled to room temperature, and charged with 1-cyclohexyl-3-(2-morpholino- 
ethyOcarbodilmide nitro-p-toluenesulfbnate (1.23 g. 2.91 mmol). The mixture 
was stirred at 90 <>C for 3 h. The mixture was cooled to room temperature and 
charged with EtzO. The resulting precipitate was filtered and washed with 
EtzO. The filtrate was concentrated to dryness, and the resulting crude 
purified by silica gel chromatography (0-10% CH3CN/CH2CI2. 30 min gradient; 
then 10% CH3CN/CH2CI2. 30 min) to afford the title compound as a yellow 
solid (269 mg. 66% yield). NMR (400 MHz, DMSO-de) 5 1 .8 (m, 2 H) 2.9 
(d. J=4.6 Hz. 3 H) 3.2 (s. 3 H) 3.2 (t. J=6.0 Hz. 2 H) 4.1 (t. J=7.0 Hz. 2 H) 7.1 
(q. J=4.6 Hz. 1 H) 7.3 (d, J=8.4 Hz. 1 H) 7.9 (dd. J=8.7. 2.3 Hz. 1 H) 8.0 (d, 
J=2A Hz, 1 H). ES-LCMS m/z 265 (100), (M+H). 



Step C: A/^-methyl-1-(3-(methyloxy)propylh1H-benzimidazole-2,5-diamine 

A mixture of A/-methyl-1-[3-(methyloxy)propyl]-5-nitro-1H-benzimidazol-2- 
amine (Example 91, Step B; 269 mg, 1.02 mmol), 10% Pd/C (27 mg), and 
MeOH (30 mL) stirred under an atmosphere of H2 (1 atm) for 5 h. The 
reaction was filtered over Celite, and the fil'u ate concentrated to dryness to 




/ 
o 
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afford the title compound as a tan solid (230 mg, 96% yield). NMR (400 
MHz. DMSO-de) 5 1 8 (m, 2 H) 2.8 (d. J=4.7 Hz. 3 H) 3.2 (s, 3 H) 3.2 (t, J=6.2 
Hz. 2 H) 3.8 (t, J=6.9 Hz. 2 H) 4.4 (s. 2 H) 6.2 (m. 2 H) 6.4 (d. J=1 .9 Hz. 1 H) ( 
6.7 (dro'=8.'1 Hz. 1 H). ES-LCMS m/z235 (100), (M+H). 



Step D: 6-(4-cfilorophenyi)-3-{2-(methylamino)-1-[3-(methyloxy)propyl]-1H- 
benzimidazoi-5-yl}thieno[3,2-d|pyrimidin-4(3H)-onetrifluoroacetate 

10 A mixture of A^-methyl-1 -[3-(methyloxy)propyl]-1 H-benzimidazole-2,5-diamine 
(Example 91, Step C; 230 mg, 0.98 mmol). methyl 5-(4-chlorophenyl)-3- 
{[(1E)-(dimethylamino)methylidene]amino}-2-thiophenecarbQxylate (Example 
1 , Step D; 317 mg, 0.98 mmol), and phenol (1 g) stinred at 200 °C for 1 h. 
The mixture was cooled to room temperature, charged with and 1 N NaOH 

1 5 (aq) (10 mL). then extracted with CHeCia. The organics were dried over 

MgS04 (anhy.). filtered, and the filtrate concentrated to dryness. The resulting 
crude was charged with DMSO (4 mL) and MeOH (20 mL). The resulting tan 
precipitate was filtered, washed with MeOH, then taken up in DMSO (2 mL) 
and a drop of TFA. and purified by C18 preparative HPLC (1-99% 

20 CH3CN/H2O 5 min gradient) to afford the title compound as a white solid (45 
mg, 7% yield). NMR (400 MHz, DMSO-cfe) 5 1 .9 (m, 2 H) 2.5 (s, 3 H) 3.1 
(d, J=4.6 Hz, 3 H) 3.3 (t, J=6.0 Hz, 2 H) 4.2 (t. J=6.8 Hz, 2 H) 7.5 (dd, J=8.5, 
1.9 Hz. 1 H) 7.6 (d, J=8.6 Hz, 2 H) 7.6 (d, J=8.6 Hz, 1 H) 7.7 (d, J=1.8 Hz, 1 
H) 7.9 (d, J=8.8 Hz, 2 H) 8.0 (s, 1 H) 8.4 (s, 1 H) 9.0 (s. 1 H). ES-LCMS m/z 

25 480 (100). (M+H). 



5 




N 



Example 92 
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6^4-chl6rophenyl)-3-(2-{[2-(inethyloxy)ethyl]amino}-1/V-benzimiclazol-5. 
yl)thieno[3,2-c/|pyrimiclin-4(3H)-one tritluoroacetate 



The tifle compound was synthesized by substituting [2-(methyloxy)ethyl]amine 
(2 mL).for pyrrolidine and employing the techniques found in Example 86. 
Steps A, B. and C to afford a white solid (116 mg, 26% yield). NMR (300 
MHz DMSO-de) 5 3.3 (m, 3 H) 3.6 (m, 4 H) 7.4 (dd. J=8.4. 1 .8 Hz, 1 H) 7.5 (d, 
J=8.6 Hz, 1 H) 7.6 (m, J=8.6 Hz. 3 H) 7.9 (d. J=8.6 Hz. 2 H) 8.0 (s. 1 H) 8.4 (s. 
1 H) 9.2 (s. 1 H) 12.9 (s. 1 H). ES-LCMS m/z 452 (100). (M+H). 



6-(4-chlorophenyl)-3-{2-(methylamino)-1.[2'(4-morphollnyl)ethyl]-1//. 
benzimidazol-5-yl}thieno[3,2-d|pyrimidin-4(3H)-onetrifluoroacetate 



Example 93 




H 




Step A: A^[2-(4-morpholinyl)ethyl^2.4-dinit^oaniline 



,[2-(4-Morpholinyl)ethyl]amine (10.49 mL, 80.60 mmol) was added to a mixture 
of 1-fluoro-2,4-dlnitrobenzene (5 g, 26.87 mmol) and EtOH (25 mL) at room 
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temperature. The mixture was then stirred at 90 "C in a pressure tube for 15 
min. The mixture was cooled to room temperature, and the resulting 
precipitate was filtered, washed with EtOH, and air-dried to afford the title 
compound as an orange solid (7.56 mg, 95% ^eld). NMR (300 MHz. 
5 DIVISO-de) 5 2.5 (m, 2 H) 2.6 (t, J-6.2 Hz, 2 H) 3.6 (d. 8 H) 7.2 (d, J=9.7 Hz, 1 
H) 8.3 (dd, J=9.7, 2.8 Hz, 1 H) 8.9 (d, J=2.8 Hz, 1 H) 9.1 (t, J=4.7 Hz, 1 H). 
ES-LCMS m/z 297 (90), (M+H). 




Step B: A/^-[2-(4-morpho!inyl)ethyI]-4-nitro-1,2-benzenediamine 

10 

A solution of Na2S204 (13.33 g, 76.56 mmol) in H2O (50 mL) was added to a 
solution of A/-[2-(4-morpholinyl)ethyn-2,4-dinitroaniline (Example 93, Step A; 
7.56 g, 25.52 mmol) in EtOH (100 mL) at reflux. The mixtuiB stinred at reflux 
for 1 .5 h. The mixture was filtered and the filtrate was concentrated to 

15 dryness. The resulting crude was purified by silica gel chromatography (0- 
7.5% MeOH/CH2Ci2 45 min gradient, then 10%MeOH/CH2Cl2, 45 min) to 
afford the title compound as an orange solid (2.18 g, 32% yield). -H NMR 
(300 MHz, DMSO-de) 5 2.4 (m, 4 H) 2.6 (t, J=6.6 Hz, 2 H) 3.3 (m, 2 H) 3.6 (m, 
4 H) 5.1 (s, 2 H) 5.8 (t, J=5.2 Hz, 1 H) 6.5 (d, J=8.8 Hz, 1 H) 7.4 (d. J=2.5 Hz. 

20 1 H) 7.5 (dd, J=8.8. 2:8 Hz, 1 H). ES-LCMS m/z 265 (1 00), (M-H). 




Step C: 6-(4-chlorophenyl)-3-{2-(methylamino)-1 -[2-(4-morpholinyl)ethyll-1 H- 
benzimidazol-5-yl}thieno[3.2-d]pyrimidin-4(3H)-onetrifluoroacetate 
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The title compound was synthesized by substituting W^-(2-(4- 
morpholinyl)ethyl]-4-nitro-1,2-benzenediamine (Example 93, Step B; 400 mg, 
1 .5mmol) for A/^-[3-(methyloxy)propyl]-4-nitro-1 ,2-benzenediamine and 
employing the techniques found in Example 91 . Steps B, C. and D to afford a 
tan solid (35 mg, 25% yield). NMR (400 MHz, DMSO-c/e) 8 3.1 (s, 3 H) 3.7 
(s. 8 H) 4.4 (s, 4 H) 7.5 (d. J=6.6 Hz. 1 H) 7.6 (d. J=8.8 Hz. 2 H) 7.7 (m, 2 H) 
7.9 (d, J=8.8 Hz. 2 H) 8.0 (s, 1 H) 8.4 (s, 1 H). ES-LCMS m/z 522 (50), 
(M+H). 



Example 94 




6-(4-chlorophenyl)-3-{2-(dimethylamino)-1-[2-(4-morpholinyl)ethyl]-1H- 
benzimidazol-5-yl}thieno[3.2-c/Ipyrimidin-4(3H)-one 

o 

s 

II 

o 

step A: /V,/V-dlmethyl-1 -[2-(4-morpholinyl)ethyl]-5-nitro-1 H-benzimidazol-2- 

amine 

A mixture of A/^-(2-(4-morpholinyl)ethylH-nltro-1,2-benzenedlamine (Example 
93, Step B; 300 mg, 1.13 mmol), yV-(dichloromethylidene)-A/- 
methylmethanamlnium chloride (551 mg, 3.39 mmol), AZ-ethyl-A/^l- 
methylethyl)-2-propanamine (1 mL), and CH2CI2 (10 mL) stirred at reflux for 2 
h. The mixture was cooled to room temperature, concentrated to dryness, 
and the resulting crude purified by silica gel chromatography (0-8% 
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MeOH/CHzCla. 30 min gradient; then 8% MeOH/CHaCb, 30 min) to afford the 
title compound as a yellow oil (305 mg, 85% yield). NMR (400 MHz, 
DMSO-de) 5 2.4 (m. 4 H) 2.6 (t. ^6.7 Hz. 2 H) 3.0 (s. 6 H) 3.4 (m. 4 H) 4.2 (t. 
J=e.6 Hz, 2 H) 7.6 (d. J^8.8 Hz, 1 H) 8.0 (dd. J=8.8, 2.4 Hz, 1 H) 8.1 (d, J=2.2 
Hz. 1 H). ES-LCMS /n/:?320 (100), (M+H). 




Step B:W2,A^Hiimethyl-1-[2-(4-morpholinyl)ethyl]-1H-benzlmidazole-2,5- 

■ diamine 

A mixture of A/,A/-dimethyl-1-(2-(4-morpholinyl)ethyl]-5-nitro-1H-benzimidazol- 
2-amine (Example 94, Step A; 305 mg, 0.96 mmol), 10% Pd/C (30 mg), and 
MeOH (20 mL) stinred under an atmosphere of Ha (1 atm) for 30 min. The 
reaction was filtered over Celite, and the filtrate concentrated to dryness to 
afford the desired compound as a pink oil (226 mg, 81% yield). ^H NMR (400 
MHz, DMSO-de) 5 2.4 (m. 4 H) 2.6 (t, J=7.0 Hz, 2 H) 2.8 (s, 6 H) 3.5 (m. 4 H) 
4.0 (t, J=7.1 Hz, 2 H) 4.6 (s, 2 H) 6.4 (dd, J=8.3, 2.1 Hz, 1 H) 6.6 (d, J=2.0 Hz, 
1 H) 7.0 (d, J:=8.4 Hz. 1 H). ES-LCMS 290 (1 00), (M+H). 




Step C:6-(4-chlorophenyl)-3-{2-(dimethylamino)-1-(2-(4-morpholinyl)ethyl]- 
1H-benzimldazol-5-yl}thieno[3,2-c/Ipyrimidin-4(3H)-one 
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A mixture of A/^,A/^Kiimethyl-1-(2-(4-rnorpholinyl)ethyl]-1H-benzlmldazole-2,5- 
diamine (Exacnple 94, Step B; 252 mg, 0.78 mmol), methyl 5-(4- 
chlorophenyl)-3-{[(1E)-(dimethylamino)methylidene]amino}-2- 
' thiophenecarboxyiate (Example 1 , Step D; 226 mg, 0.78 mmol), and phenol (1 
5 g) stirred at 200 for 30 min. The mixture was cooled to room temperature, 
and the resulting crude purified by silica gel chromatography (CH2CI2, 10 min, 
ther. 0-10% MeOH/CHaClz, 30 min gradient; then 10% MeOH/CHaCb, 30 
min). The resulting product was triturated with MeOH to afford the title 
compound as a white solid (225 mg, 54% yield). NMR (400 MHz, DMSO- 
10 cfe) 8 2.4 (m, 4 H) 2.7 (t, J=6.8 Hz, 2 H) 3.0 (s, 6 H) 3.5 (m, 4 H) 4.2 (t, J=7.0 
Hz. 2 H) 7.2 (dd. J=B,3. 2.1 Hz, 1 H) 7.5 (m, 2 H) 7.6 (d. J=8.6 Hz, 2 H) 7.9 (d. 
J=8.6 Hz, 2 H) 8.0 (s, 1 H) 8.4 (s, 1 H). ES-LCMS m/z 535 (100), (M+). 



15 



Example 95 



OH 



6-(4-chiorophenyl)-3-{2-[(3S)-3-hydroxy-1 -pyrrolldlnyi]-1 -methyl-1 H- 
benzlmidazol-6-yl}thieno[3,2-c/|pyrimidin-4(3H)-onetrifluoroacetate(salt) 



20 



Step A: (3S)-1-(6-amino-1-methyl-1H-benzimidazol-2-yl)-3-pyrrolidinol 



A mixture of 2-chloro-1 -methyl-1 H-benzlmidazol-6-amine (Example 11, Step 
C; 200 mg, 1.1 mmol), (3S)-3-pyrrolidlnol (444 iiL), and EtOH (10 mL) stln-ed 
In a pressure tube at 160 *»C for 17 h. The reaction was and concentrated to 
25 dryness, and the resulting crude was purified by silica gel chromatography (0- 
10% 2M ammonia in MeOH/CH2Cl2, 20 min gradient, then 10% 2M ammonia 
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in MeOH/CH2Cl2. 20 min) to afford the title compound as a tan solid (233 mg, 
91% yield). NMR (400 MHz. DMSO-de) 5 1.8 (m. 1 H) 2.0 (m, 1 H) 3.3 (dd. 
J=10.3, 1 .6 Hz, 1 H) 3.4 (m. 4 H) 3.6 (m. 2 H) 4.3 (d. J=2.4 Hz. 1 H) 4.6 (s. 2 
H) 4.9 (d. J=3.4 Hz. 1 H) 6.3 (dd. J=8.3, 2.1 Hz. 1 H) 6.4 (d, J=2.1 Hz. 1 H) 
5 6.9 (d. J=8.3 Hz, 1 H). ES-LCMS m/z 233 (100), (M^^H). 



F 




Step B: 6-(4-chloroprienyI)-3-{2-[(3S)-3-hydroxy-1 -pyrrolidlnyll-l-methyl-l H- 
benziniidazol-6-yl}thieno[3.2-d]pyrimidin-4(3H)-onetrifluoroacetate 

10 

A mixture of (3S)-1-(6-amino-1-methyl-1H-benzimidazol-2-yi)-3-pyrrolidinol 
(Example 95. Step A; 217 mg. 0.93 mmol). methyl 5-(4-chlorophenyl)-3-{[(1E)- 
(dimethytamino)methylidene]amino}-2-thiophenecarboxylate (Example 1, Step 
D; 302 mg. 0.93 mmol). and phenol (1 g) stinred at 200 "C for 30 min. The 

15 mixture was cooled to 60 '^C and charged with MeOH. The resulting 

precipitate was filtered, washed with MeOH, then taken up in DMSO. and 
purified by CI 8 preparative HPLC (1-99% CH3CN/H2O 5 min gradient) to 
afford the title compound as a white solid (91 mg, 17% yield). ^H NMR (400 
MHz. DMSO-de) 5 2.0 (m, 2 H) 3.6 (d. J^^io.l Hz, 1 H) 3.8 (s, 3 H) 3.9 (m, 3 

20 H) 4.5 (s. 1 H) 5.3 (s. 1 H) 7.4 (d. J=7.9 Hz. 1 H) 7.5 (m, 1 H) 7.6 (d. J=8.6 Hz, 
2 H) 7.9 (s, 1 H) 7.9 (d, J=8.6 Hz. 2 H) 8.0 (s, 1 H) 8.5 (s, 1 H). ES-LCMS m/z 
478 (100), (M+H). 

Example 96 

25 
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<j>H OH 

o=s=o o=s=o 




3-[2-(dimethylamino)-1 -methyl-1 H-benzimidazol-6-yl]-6-(4- 
fluorophenyl)thieno[3,2-d]pyrimidin-4(3H)K>ne dimethanesuifonate 

5 

A mixture of A/^,/S/^,1-trimethyl-1H-benzimidazole-2,6-cljamjne (Example 11, 
Step D; 165 mg. 0.88 mmol). methyl 3-{[(1E)- 

(dimethylamlno)methylidene]amino}-5-(4-fluorophenyl)-2- 
thiophenecarboxylate (made by substituting 3-amino-5-(4-fluorophenyi)-2- 

1 0 thiophenecarboxylate for 3-amino-5-(4-chiorophenyl)-2-thiophenecarboxylate 
in Example 1, Step D; 270 mg, 0.88 mmol), stirred In phenol (1 g) from room 
temperature to 1 50 "C over 30 min, then at 1 50 »C for 1 h. The mixture was 
fX}oled to 60 "C and poured Into MeOH. The resulting precipitate was filtered 
and washed with MeOH. The precipitate was taken up in CH2CI2 and a few 

15 drops of MeOH, then charged with methane sulfonic acid (2 equivalents). The 
mixture was concentrated to dryness, then triturated with CH2CI2 to afford the 
title compound as a yellow solid (260 mg, 49% yield). ^H NMR (400 MHz, 
DMSO-de) S 2.3 (s, 6 H) 3.3 (s, 6 H) 3.8 (t. 3 H) 7.4 (t, J=8.8 Hz, 2 H) 7.5 (m, 1 
H) 7.6 (m, 1 H) 8.0 (m, 4 H) 8.5 (s, 1 H). ES-LCMS m/z 420 (100), (M+H). 

20 

Example 97 




6-(4^hlorophenyl)-3.(lHmethyl-2-{methyl[2-(1-pyrrolidinyl)ethyl]ammo}. 
1H-benzimidazol-6-yl)thieno[3,2-dlpyrimidih-4(3H)-onetrifluoroacetate 
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o 



HN 



\ 



Step A: A/-methyl-2-(1-pyiT0liclinyl)ethanamlne 



A solution of 1-(2-chlorDethyl)pyrroIidlne (10 g. 58.8 mmol) in H2O (15 mL) 
was added drop-wise to a solution of 40% methylamine in H2O (46 mL) at 
room temperature over 30 min. The reaction stined at room temperature for 2 
h. The reaction was then charged with additional 40% methylamine in H2O 
(20 mL) and stinted at room temperature for 19 h. NaOH (18.5 g, 462.5 mmol) 
was added to the mixture portion-wise at room temperature. The reaction 
was cooled to room temperature, then extracted with EtzO. The organics 
were dried over MgS04 (anhy.). filtered, and the filtrate was concentrated to 
dryness to afford the title compound as a gold liquid (6.64 g, 88% yield). 
NMR (300 MHz. DMSO-de) 6 1.7 (m. 5 H) 2.3 (s. 3 H) 2.5 (m. 8 H). ES-LCMS 
m/z 129 (100), (M+H). 



Step B: A/^,1-dimethyl-/v2-[2-(1-pyrrolidinyl)ethylJ-1H-ben2imldazole-2,6- 



A mixture of 2-chloro-1-methyl-1H-benzimidazol-6-amlne (Example 11, Step 
C; 200 mg. 1.1 mmol), /V-methyl-2-(1-pynrolidlnyl)ethanamine (Example 97, 
Step A; 282 mg. 2.2 mmol), and EtOH (10" mL) stirred In a pressure tube at 
160 °C for 22.h. The reaction was cooled to room temperature, charged with 
additional A^methyl-2-(1-pyrrolidinyl)ethanamine (423 mg, 3.3 mmol) and 
stirred at 160 "C for 24 h. The reaction was concentrated to dryness, and the 
resulting erode was purified by silica gel chromatography (10% 2 M ammonia 




diamine 
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In MeOH/CHaClz) to afford the title compound as a gold oil (1 68 mg, 56% 
yield). NMR (400 MHz. DMSO-ds) 6 1.6 (s. 4 H) 2.5 (s. 4 H) 2.6 (t. J=7.0 
Hz. 2 H) 2.9 (s. 3 H) 3.3 (m. 2 H) 3.3 (s. 2 H) 3.5 (d, 3 H) 6.4 (d. J=8.3 Hz, 1 
H) 6.5 (s. 1 H) 6.9 (d. Hz. 1 H). ES-LCMS m/z274 (100), (M+H). 



step C: 6-(4-chlorophenyl)-3-(1-methyl-2-{methyl(2-(1- 
pyr^ol^d^nyl)ethyl]amino^1H-benzim^dazol-6-yl)thleno[3,2-dlpyrimldinw^3f^ 

one trifluoroacetate 

A mixture of A^,1-dimethyl-/V^-[2-(1-pyrrolidinyl)ethylMHLbe^zimldazole-2,6- 
diamlne (Example 97, Step B; 168 mg, 0.61 mmol), methyl 5-(4- 

chlorophenyl)-3-a(1£)-(dlmethylamlno)methylidene]amlnoh2- 
thlophenecarboxylate (Example 1, Step D; 198 mg. 0.61 mmol). and phenol (1 
g) stirred from room temperature to 150 »C over 30 min, then at 150 X for 1 
h. The mixture was cooled to room temperature then purified by silica gel 
chromatography (CH2CI2, 10 min, then 0-10% 2 M ammonia in MeOH/CHzCb, 
30 min gradient; then 10% 2 M ammonia In MeOH/CHaClz. 30 min). The 
resulting product was taken up in DMSO, and purified by C18 preparative 
HPLC (1-99% CH3CN/H2O 5 min gradient) to afford the title compound as a 
white solid (90 mg. 23% yield). ^H NMR (300 MHz, DMSO-de) 5 2.0 (s. 4 H) 
3.2 (s. 3 H) 3.4 (s. 4 H) 3.5 (t, ^=5.9 Hz. 2 H) 3.8 (m. 5 H) 7.3 (dd. J=8.3. 1.9 
Hz. 1 H) 7.6 (m. 3 H) 7.8 (d. J=:1.9 Hz. 1 H) 7.9 (d. J=8.6 Hz. 2 H) 8.0 (s, 1 H) 
8.5 (s, 1 H). ES-LCMS m/z 519 (100), (M+). 



Example 98 
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6-(4-chlorophenyl)-3-(1-inethyl-2-(methyl[2-(1-pyrrolidinyl)ethyl]ainino}- 
1 H-benziinidazol-5-yl)thleno(3,2-of|pyrimf din-4(3/0-one trifluoroacetate 

5 The title compound was synthesized by substituting 2-chloro-1 -methyl-1 H- 
benzimidazol-5-amine (Example 11. Step C; 200 mg, 1.1 mmol), for2-chloro- 
1 -methyl-1 /-/-benzimidazol-6-amine, and employing the techniques found in 
Example 97, Steps B and C to afford a white solid (105 mg,.19% yield). 
NMR (400 MHz. DMSO-de) 5 1.9 (s, 4 H) 3.1 (s, 3 H) 3.3 (s, 4 H) 3.5 (t, J=6.0 
10 Hz, 2 H) 3.7 (m, 5 H) 7.3 (dd. J=8A, 1 .9 Hz, 1 H) 7.6 (m, 4 H) 7.9 (d, J=8.6 
Hz, 2 H) 8.0 (s, 1 H) 8.4 (s, 1 H). ES-LCMS m/z 519 (100), (M+). 



Example 99 




1 5 6-(4-chlorophenyl)-3-(2-{methyl[2-(1 -pyrrolidlnyl)ethyi]amino}-1 H- 
benzimidazoi-5-yl)thieno[3,2-dlpyrimldln^(3H)-one methanesulfonate 




Step A: A/-methyl-5-nitro-/V-[2-(1-pyrrolidinyl)ethyl]-1 H-benzimidazol-2-amine 

20 
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A mixture of 2-ch!oro-5-nitro-1 H-benzimidazole (Example 75, Step A; 250 mg, 
1.27 mmol). A/-methyl-2-(1-pyrrolidinyl)ethanamine (Example 97, Step A; 244 
mg. 1.91 mmol). and MeOH (10 mL) stirred in a pressure tube at 150 °C for 
22 h. The reaction was concentrated to dryness, and the resulting crude was 
5 purified by silica gel chromatography (0-5% MeOH/CHaCb, 20 min gradient; 
then 5% MeOH/CH2Cl2, 10 min) to afford the title compound as a yellow solid 
(282 mg, 77% yield). NMR (300 MHz. DMSO-de) 5 1 .7 (s, 4 H) 3.1 (s. a H) 
3.3 (s, 6 H) 3.7 (s. 2 H) 7.3 (d, J=8.8 Hz, 1 H) 7.9 (m, 2 H). APCI-LCMS m/z 
290 (100), (M+H). 



Step B: A/^-methyl-A/2-[2-(1-pynnolidinyl)ethyl]-1H-benzlmldazole-2,5-diamine 

A mixture of /V-methyl-5-nitro-AA-'[2-(1-pyrrolidinyl)ethyl]-1H-benzimidazol-2- 
1 5 amine (Example 99, Step A; 282 mg, 0.97 mmol), 1 0% Pd/C (28 mg), and 



reaction was filtered over Celite, and the filtrate concentrated to dryness to 
afford the title compound as a brown solid (247 mg, 98% yield). NMR (300 
MHz, DMSO-de) 8 1 .7 (m, 4 H) 2.7 (m, J=5.5, 5.5 Hz, 4 H) 2.8 (t, J=6.5 Hz, 2 
20 H) 3.0 (s. 3 H) 3.6 (t. J=6.6 Hz. 2 H) 6.2 (dd, J=8.3. 1 .9 Hz, 1 H) 6.5 (d, ^1 .9 
Hz, 1 H) 6.8 (d, J=8.3 Hz. 1 H). ES-LCMS m/z 260 (100), (M+H). 



10 




Eton (15 mL) stinred under an atmosphere of H2 (1 atm) for 2.5 h. The 




25 



Step C: 6-(4-chlorophenyl)-3-(2-{methyl[2-(1-pyrrolidinyl)ethyl]amino}-1 H- 
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benzimida2ol-5-^)lhieno[3,2-<flpyrimidin-4(3H)-one methanesulfonate 

A mixture of N^-methyl-A/^-[2-(1-pyiTolidinyl)ethyl]-1H-ben^ 
diamine (Example 99, Step B; 226 mg, 0.87 mmol). methyl 5-(4- 
drilorophenyl)-3'{[(1E)-(dimethylamino)methylidene]amlno}-2- 
thiophenecarboxylate (Example 1 , Step D; 282 mg, 0.87 mmol), and phenol (1 
g) stirred from room temperature to 120 ^'C over 30 min, then at 120 ""C for 30 
min. The mixture was cooled to room temperature then purified by silica gel 
chromatography (CH2CI2, lOmin, then 0-10% 2 M ammonia In MeOH/CHaCb, 
30 min gradient). The resulting product was taken up in CH2CI2 and charged 
with methane sulfonic acid (19 ^L). The resulting precipitate was filtered, 
washed with CH2CI2, and high-vac dried to afford the title compound as an off- 
white solid (60 mg, 20% yield)- ''H NMR (300 MHz, DMSOde) 8 2.0 (s, 4 H) 
2-4 (s, 6 H) 3.3 (s, 3 H) 3.6 (t, J=5.2 Hz, 2 H) 3.7 (s, 4 H) 4.0 (t, J^5.5 Hz, 2 H) 
7.4 (d, J=8.6 Hz, 1 H) 7.6 (d, J=8.6 Hz, 3 H) 7.7 (s, 1 H) 8.0 (d, J=8.6 Hz, 2 H) 
8.0 (s, 1 H) 8.4 (s, 1 H). APCI-LCMS m/z 505 (100), (M+). 



. 6-(4-chiorophenyl)-3-{2*(dimethylamino)-1 -[2-(dimethylamino)ethylH H* 
benzimidazol-6-yl}thieno[3,2-d}pyrimidin-4(3N)-one methanesulfonate 



Example 100 ^ 





Step A: N,N-dimethyl-5-nitro-1H-benzimidazol-2-amine 
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A mixture of 2-chloro-5-nitrc>-1 H-benzimldazole (Example 75, Step A; 1 g, 
5.06 mmol) and 2 M dimethylamine in IVleOH (10 mL) stirred at 160 °C in a 
pressure tube for 1 h. The reaction was concentrated to dryness, and the 
resulting crude was purified by silica gel chromatography (0-5% 
5 MeOH/CHaCIa, 30 min gradient; 5% MeOH/CHaCla. 30 min) to afford the title 
compound as a yellow solid (846 mg, 81% yield). NMR (400 MHz, DMSO- 
de) 5 3.1 (s, 6 H) 7.2 (d. J=9.0 Hz. 1 H) 7.9 (m, J=9.7 Hz. 2 H) 1 1.8 (s, 1 H). 
ES-LCMS m/z 207 (100), (M+H). 




Step B: methyl [2-(dimethylamino)-6-nitro-1H-benzimidazoM-yl]acetate 



NaH (1.26g, 31.53mmol) was added to a solution of A/.A^dimethyl-S-nitro-IH- 
benzimidazol-2-amine (Example 100, Step A; 5 g, 24.25 mmol) in DMF (50 

15 mL) at room temperature. The mixture was stirred at room temperature for 30 
min. The reaction was charged with methyl bromoacetate (2.52 mL, 26.67 
mmol) and stirred at room temperature for 16 h. The reaction was 
concentrated to dryness and the resulting residue was purified by sMica gel 
qhromatography (0-4% MeOH/CHaCIa, 30 min gradient; then 4% 

20 MeOH/CHaCIa, 30 min). The resulting compounds were separated by chiral 
prep HPLC chromatography to afford the title compound as a yellow solid (2.5 
g, 37% .yield). ^H NMR (400 MHz DMSO-c/e) 6 3.0 (s. 6 H) 3.7 (s, 3 H) 5.2 (s. 
2 H) 7-4 (d, J^8.8 Hz, 1 H) 8.0 (d, J=1 1.0 Hz, 1 H) 8.3 (d. J=2.1 Hz, 1 H). 
APCI-LCMS m/z 279 (100), (M+H). 

25 
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step C: 2-[2-(dimethylamino)-6-nitro-1H-benzimidazol-1-yJl-A/.W- 

dimethylacetamide 



A mixture of methyl [2-(dimethylamino)-6-nitro-1H-benzimidazol-1-yl]acetate 
5 (Example 100. Step B; 300 mg. 1.08 mmoi) and 2 M dimethylamine in MeOH 
(10 mL) stirred at 120 °C in a pressure tube for 30 min, then at 80 "C for 19.5 
h. The reaction was Gooled to room temperature and the resulting precipitate 
filtered off. The filtrate was concentrated to dryness, and the resulting crude 
was purified by silica gel chromatography (0-5% MeOH/CHaCIa, 20 min 
10 gradient) to afford the title compound as a yellow solid (1 80 mg, 51 % yield). 

NMR (400 MHz. DMSO-ds) 5 2.9 (s. 3 H) 3.0 (s, 6 H) 3.1 (s, 3 H) 5.2 (s. 2 
H) 7.4 (d, J=8.8 Hz, 1 H) 8.0 (d, J=8.8 Hz. 1 H) 8.1 (s, 1 H). ES-LCMS m/z 
292 (100). (M+H). 



Step D: 1 -[2-(dimethylamino)ethyl]-A/.A/-dimethyl-6-nitro-1 H-benztmidazol-2- 



AIH3 (1 M) in THF (3.1 mL, 3.1 mmol) was added drop-wise to a suspension 
20 of 2-(2-(dimethylamino)-6-nitro-1 H-benzimidazol-1-yl]-A/.AA<limethylacetamide 
(Example 100. Step C; 180 mg, 0.62 mmol) in THF (10 mL) at 0 ^C. The 
reaction was stirred at room temperature for 1 h. The reaction was poured 
into 1 N NaOH (aq) at 0 'C and then extracted with CH2CI2. The organics • 
were dried over MgS04 (anhy.), filtered, and concentrated to dryness. The 
25 resulting residue was purified by silica gel chromatography (0-5% 2 M 
ammonia in MeOH/CHzCta, 15 min gradient; then 5% 2M ammonia in 
MeOH/CHaCIa, 15 min) to afford the title compound as a yellow oil (95 mg, 
55% yield). ^H NMR (400 MHz. DMSO-ds) 5 2.2 (s, 6 H) 2.6 (t, J=6.6 Hz, 2 H) 




15 



amine 



3.1 (s, 6 H) 4.3 (t, J=6.6 Hz, 2 H) 7.4 (d, J=8.8 Hz. 1 H) 8.0 (dd. J=8.8, 2.2 Hz, 
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1 H) 8.3 (s, 1 H). ES-LCMS m/2 278 (100), (M+H). 




Step E: 1-t2-(dimethylamino)ethylJ-/S;^,A/2-dlmethyl-1H-benzimidazole-2,6- 



A mixture of H2-<dimethylamino)ethyi]-/V,A/-dimethyl-6-nitro-1f^benzimtdazol- 
2-amIne (Example 100, Step D; 92 mg. 0.33 mmol), 10% Pd/C (10 mg), and 
EtOH (10 mL) stirred under an atmosphere of Ha (1 atm) for 30 min. The 
reaction was fiKered over celite, and the filtrate concentrated to dryness to 
afford the title compound as a gold oil (77 mg, 94% yield). NMR (400 MHz, 
DMSO-de) 5 2.2 (s, 6 H) 2.6 (t, J=7.3 Hz. 2 H) 2.8 (s. 6 H) 4.0 (m, 2 H) 4.8 (s, 
2 H) 6.4 (dd, J=8.3, 2.1 Hz. 1 H) 6.5 (s. 1 H) 7.0 (d. J=8.4 Hz. 1 H). ES-LCMS 
m/z248(100).(M+H). 



Step F: 6-(4-chlorophenyl)-3-{2-(dlmethylamlno)-1 -[2-(dimethylamino)ethyl]- 
1 H-benzimidazol-6-yl}thieno[3,2-c/Jpyrimidin-4(3H)-one methanesulfonate 

A mixture of 1-[2-(dimethylamino)ethyl]-A/^./y/2-dimethyl-1H-benzlmida2ole-2,6- 
diamine (Example 100, Step E; 77mg, 0.31 mmol), methyl 5-(4-chlorophenyl)- 
3-{[(1£)-(dimethylamino)methylidene]amino}-2-thiophenecarboxylate 
(Example t. Step D; 100 mg, 0.31 mmol). and phenol (1 g) stirred from room 

temperature to 120 °C over 30 mIn, then at 120 °C for 30 min. The mixture 



diamine 
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was cooled to room temperature then purified by silica gel chromatography 
(CHaCb, 15 min, then 0-10% 2M ammonia in MeOH/CH2Cl2, 30 min gradient). 
The resulting product was taken up in CH2CI2 and charged with methane 
sulfonic acid (18 ^L). The solution was charged with Et20 and the resulting 
precipitate was filtered, washed with Et20, and air-dried to afford the title 
compound as an off-white solid (28 mg, 13% yield). NMR (400 MHz, 
DMSO-de) 5 2.3 (s, 6 H) 2.9 (m. v/=4.5 Hz. 6 H) 3.6 (m, 2 H) 3.7 (s, 6 H) 4.6 
(m. 2 H) 7.5 (d. J=8.1 Hz, 1 H) 7.6 (m. 3 H) 7.9 (m. 3 H) 8.0 (s, 1 H) 8.5 (s. 1 
H). APCI-LCMS nVz 492 (100). (M-H). 



ff 
o 



Example 101 

fi 

— S— OH 




o— . 



6^4-chlorophenyl)-3-(1 -inethyl-2-{methyl[2-(methyloxy)ethyqamino}-1 ff-- 
benzimidazol-5-yl)thieno[3,2-d]pyrimidm-4(3/l)-one dimethanesulfonate 

15 

Step A: A/^,1 -dimethyl-A/^-[2-(methyloxy)ethyl]-1 H-benzimidazole-2,5-diamine 

A mixture of 2-chloro-1-methyl-1H-benzimidazol-5-amine (Example 11, Step 
20 C; 200 mg, 1 .1 mmol), A/-methyl-2-(methyloxy)ethanamine (1 .2 mL, 1 1 mmol), 
and EtOH (10 mL) was stirred in a pressure tube at 160 "C for 25 h. The 
reaction was chained with additional N-methyl-2-(methyloxy)ethanamine (0.6 
mL, 5.5 mmol) and stirred in a pressure tube at 160 *'C for 24 h. The reaction 
was concentrated to dryness, and the resulting cmde was purified by silica gel 
25 chromatography (0-5% 2 M ammonia in MeOH/CH2Cl2. 20 min gradient) to 
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afford the title compound as a brown oil (218 mg. 85% yield). NMR (300 
MHz, DMSO-de) 5 2.9 (s. 3 H) 3.3 (s. 3 H) 3.3 (m. 2 H) 3.5 (s, 3 H) 3.6 (t, 
J=5.7 Hz, 2 H) 4.6 (s. 2 H) 6.4 (dd, J=8.3. 1.9 Hz, 1 H) 6.6 (d. J=1.9 Hz. 1 H) 
6.9 (d. J=8.3 Hz, 1 H). ES-LCMS m/z 235 (100), (M+H). 

5 




Step B: 6-(4-chlorophenyl)-3-(1 -methyi-2-{methyl[2-(methyioxy)ethyl]amino}- 
1 H-benzimidazol-5-yl)thieno[3,2-d)pyrimidin-4(3fy)-one dimethanesuifonate 

10 A mixture of W^, 1 -dimethyl-A/^-[2-(methyloxy)ethyll-1 A^benzimida2ole-2.5- 
diamine (Example 101, Step A; 21 8 mg, 0.93 mmol), methyl 5-(4- 
chlorophenyl)-3-{[(1£)-(dimethylamino)methylidene]amino}-2- 
thiophenecarboxylate (Example 1, Step D; 300 mg, 0.93 mmol), and phenol (1 
g) stirred fifom room temperature to 120*»C over 30 min, then at 120 "C for 1 h. 

15 The reaction ^nbs cooled to 60 <'C, poured into MeOH, and the resulting 
precipitate was filteted, washed with MeOH, and air-dried. The precipitate 
was taken up in DMSO and 3 drops of TFA, and purified by CI 8 preparative 
HPLC (1-99% CH3CN/H2O 5min gradient). The resulting compound was 
purified by silica gel chromatography (CH2CI2, 5 min; then 0-5% 2M ammonia 

20 in MeOH/CHaCIa, 20min.gradient). The resulting compound was taken up in 
CH2CI2 and treated with methane sulfonic acid (0.03 mL). The mixture was 
concentrated to dryness to afford the title compound as a white solid (145 mg, 
23% yield). ^H NMR (300 MHz, DMSO-cfe) 5 2.3 (s, 6 H) 3.3 (s, 3 H) 3.3 (s, 3 
H) 3.7 (t, J=SSi Hz, 2 H) 3.8 (t, J=5.0 Hz, 2 H) 3.9 (s. 3 H) 7.6 (m, 3 H) 7.7 (d, 

25 J=1 .7 Hz, 1 H) 7.8 (d, J=8.6 Hz. 1 H) 8.0 (d, J=8.6 Hz, 2 H) 8.0 (s, 1 H) 8.5 (s, 
1 H). ES-LCMS m^480 (100), (M+H). 



Example 102 
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i? 

-J-OH 



N 



6^4-chlorophenyl)^42^(3.hydroxypropyl)(methyl)amlnoMWhyMH. 
ben2imfda2ol-5-yI}thleno[3,2-4pyrimldln-4(3W)K>nedlmethanesulffonate 



O 

Step A: A^-methyl-4-nltro-1 .2-benzenediamine 

A solution Of 2.fIuoro-5.nltiroannine (10 g, 6.41 mmol) In MeOH (50 mL) was 
added drop-wise to a solution of 2 M dlmethylamine in MeOH (100 mL) at 
room temperature. The reaction was stirred in a pressure tube at 140 °C for 8 
h, then at room temperature for 70. h. The reaction cooled to room 
temperature, concentrated, and the resulting caide purified by silica gel 
chromatography (CH2CI2) to afford the title compound as a red solid (7.6 g. 
71% yield). NMR (300 MHz. DMSO-t/e) 5 2.8 (d. J=5.0 Hz. 3 H) 5.1 (s. 2 
H) 6.1 (d. J=4.7 Hz. 1 H) 6.4 (d. J=9.1 Hz. 1 H) 7.4 (d. J=2.6 Hz. 1 H) 7.6 (dd. 
J=Q.e, 2.5 Hz. 1 H). ES-LCMS m/z 166 (100). (M-H). 

II 

o 

step B: A/,1-dimethyf-5-nltro-1H-benzimldazol-2-amlne 



A mixture of /V^-methyl-4-nitro-1 .•2-benzenedlamine (Example 102. Step A; 5 
g. 29.9.mmol), (methyllmino)(thloxo)methane (2.34 g, 32.0 mmol). and 
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pyridine (40 mL) stirred at 90 "C for 5 min. The mixture was cooled to room 
temperature and charged with 1-cyclohexyl-3-(2-morphoiino- 
ethyl)carbodiimide nitro-p-toluenesuifonate (16.48 g, 38.9 mmoi). The mixture 
was stirred at 90 <>C for 3 h. cooled to room temperature, then charged with 
5 EtaO. The resulting precipitate was stirred in EtOAc (300 mL), filtered, and 
washed with EtOAc. The precipitate was stirred in MeOH at room 
temperature for 12 h, filtered, and the MeOH filtrate was concentrated to 
dryness. The resulting crude filtrate was purified by silica gel chromatography 
(0-20% CH3CN/CH2CI2. 90 min gradient) to afford the title compound as an 
10 orange solid (4 g, 69% yield). NMR (300 MHz, DMSO-de) 5 3.0 (d, 
Hz, 3 H) 3.6 (s. 3 H) 7.2 (q. J=4.4 Hz, 1 H) 7.3 (d. J=8.8 Hz, 1 H) 7.9 (dd, 
J=8.8. 2.2 Hz. 1 H) 8.0 (d. J=2.2 Hz. 1 H). ES-LCMS m/z MS 207 (100), 
(M+H). 




Step C: A/,1-dimethyl-5-nitro-A/-{3-[(phenylmethyl)oxy]propyl}-1H- 

benzimidazol-2-amine 

NaH (48mg. 1.2mmol) was added to a solution of /V,1-dimethyl-5-nitro-1H- 
20 benzimidazol-2-amine (Example 102, Step B; 206 mg, 1 .0 mmol) in DMF (5 
mL) at 0 °C. The mixture stirred at 0 °C for 15 min. and {[(3- 
bromopropyl)oxy]methyl>benzene (177 jaL, 1.0 mmol) was added drop-wise at 
0 ''C. The reaction was stirred at room temperature for 2 h, quenched with 
MeOH, then concentrated to dryness. The resulting crude was purified by 
25 silica gel chromatography (CHaCb) to afford the title compound as a yellow oil 
(280 mg. 79% yield). ^H NMR (300 MHz, DMSO-cTe) 5 1 ,9 (m, 2 H) 3.0 (s, 3 
H) 3.5 (m, 4 H) 3.7 (s. 3 H) 4.4 (s,.2 H) "7.3 (m, 5 H) 7.5 (d, J=8.8 Hz, 1 H) 8.0 
(dd, J=8.7. 2.3 Hz. 1 H) 8.2 (d. J=2.2 Hz. 1 H). ES-LCMS m/z 354 (100), 
(M+2H). 
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Step D: 3-[(5-amino-1-methyl-1H.benzlmidazol-2-yl)(methyl)amino]-1- 

propanoi 

A mixture A/,1-dlmethyl-5-nitro-A/-{3-[(phenylmethyl)oxy]propyl}-1H- 
benzimidazol-2-amine (Example 102. Step C; 280 mg. 0.79 mmol). 10% Pd/C 
(28 mg). and EtOH (20 mL) stirred under 40 psi of Ha for 42 h. The reaction 
was filtered over Celite and new 10% Pd/C (50 mg) was added. The reaction 
stinred under 55 psi of Hz for 72 h. The reaction was charged with additional 
10% Pd/C (50 mg), and stirred under 55 psi of Hz for 28.5 h. The reaction 
was filtered over Celite, and tiie filtrate concentirated to dryness to afford the 
tfUe compound as a pale oil (164 mg, 89% yield). ^H NMR (300 MHz, DMSO- 
de) 5 1.7 (m, 2 H) 2.9 (s. 3 H) 3.3 (m, 2 H) 3.4 (t, ^6.2 Hz. 2 H) 3.5 (s. 3 H) 
4.9 (s, 2 H) 6.4 (dd, 2.2 Hz, 1 H) 6.6 (d. J=1 .9 Hz. 1 H) 7.0 (d, J=8.3 

Hz, 1 H). ES-LCMS m/z 236 (100). (M+2H). 




Step E: 6-(4-chlorophenyl)-3-(1-methyl-2-{methyl[2-(1- 
pyrrolidinyl)ethyl3aminoh1H-benzimidazol-5-yl)tiiieno[3,2-d]pyrimidin-4(3/^ 

one trifluoroacetate 

A mixture 3-[(5-amino-1 -methyl-1 H-benzimidazol-2-yl)(methyl)amino]-1- 
propanol (Example 102, Step D; 164 mg, 0.7 mmol), methyl 5-(4- 
chlorophenyl)-3-{t(1£)-(dimethylamino)methylldenelamino>-2- 
thiophenecarboxylate (Example 1. Step D; 226mg, 0.7mmol). and phenol (1 
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g) stirred from room temperature to 130 °C over 15 min, then at 130 °C for 1 
h. The mixture was cooled to room temperature then purified by silica gel 
chromatography (0-5% MeOH/CHaCIa, 30min. then 5% MeOH/CHaCIa, 10 min 
gradient). The resulting product was taken up in CH2CI2, charged with 
5 methane sulfonic acid (38 |iL), then concentrated to dryness to afford the title 
compound as a tan solid (86 mg. 18% yield). NMR (400 MHz, DMSO-de) 8 
1.8 (m, 2 H) 2.3 (s. 6 H) 3.3 (s. 3 H) 3.5 (t. J=5.8 Hz, 2 H) 3.7 (t, J=7.0 Hz, 2 
H) 3.8 (s. 3 H) 7.5 (dd, J=8.6, 1 .6 Hz, 1 H) 7.6 (d, J=8.6 Hz. 2 H) 7.7 (s, 1 H) 
7.8 (d. J=8.8 Hz. 2 H) 7.9 (d, J=8.6 Hz. 2 H) 8.0 (s. 1 H) 8.4 (s. 1 H). ES- 
10 LCMS m/z 400 (100), (M+H). 

/■ 

Example 103 

F 

6-(4-chlorophenyl)-3-(2-{[4-(4-fiuorophenyl)piperidin-1- 
1 5 yqmethyl}quinoiin-6-yl)thieno[3,2-d|pyrimidin-4(3/f)-one 




Step A: 2-{[4-(4-fIuorophenyl)piperidin-1 -yl]methyl}-6-nitroquinoline 

20 2-{[4-(4-fluorophenyl)piperidin-1-yl]methyl}-6-nitroquinoline was prepared 
using a similar experimental procedure as in Example 2, Step B by reacting 
2-(bromomethyl)-6-nitroquinoline with 4-(4-fluorophenyl)piperidine. The 
desired compound was purified by column chromatography on silica gel, 
eluting with a gradient of 70% ethyl acetate in hexane. ^H NMR (300 MHz, 

25 DMSO-de) 5 9.09 (s, 1H), 8.74 (d, J = 8.6 Hz. 1H), 8.50 (d. J = 9.8 Hz. 1H), 
8.22 (d, J = 9.3 Hz. 1H). 7.92 (d, J = 8.6 Hz, 1H), 7.35-7.10 (m, 4H). 3.89 (s, 
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2H). 3.65 (m. 1H). 3.21 (m. 2H). 2.97 (m, 2H), 1.87 (m. 4H); ES-LCMS m/z 
366 (M+H). 



Step B: 2-{[4-(4-fluorophenyl)piperidin-1-yl]methyI}quinolln-6-amine 

2-^[4-(4-fluorophenyi)pipendin-1-yqmethyl}quinolin-6-amine was prepared 
using a similar experimental procedure as In Example 2, Step C by reducing 
2-{[4-(4-fluorophenyl)piperldln-1-yl]methyl}-6-nitroquinoline with hydrogen gas 
and 10% Pd/C. The crude compound was used directly in the next step.- 
NMR (300 MHz, DMSO-ds) 5 7.97 (d. J = 8.4 Hz, 1H), 7.87 (d, J = 8.4 Hz, 
1H), 7.71 (d. J = 8.9 Hz, 1H). 7.63 (m. 1H). 7.45 (d, J = 8.4 Hz, 1H). 7.33 - 
7.10 (m. 4H). 5.59 (brs, 2H) 3.89 (s, 2H), 3.62 (m. 1H). 3.37 (m, 2H). 2.98 (m. 
2H), 2,64 (m. 2H), 1.86 (m. 2H); ES-LCMS 336 m/z (M+H). 




Step C: 6-(4-chlorophenyl)-3-(2-{[4-(4-fluorophenyl)piperidin-1- 
yl]methyl}quinolln-6-yl)thieno[3,2-cf]pyrimjdin-4(3H)-one 

The title compound was prepared using a similar experimental procedure as 
in Example 2, Step D by reacting 5-(4-chlorophenyl)-3-{[(1 E)- 
(dlmethylamino)methylidene] amino}thiophene-2-carboxylate (Example 1, 
Step D) with 2-{[4-(4-fluorophenyl)piperidin-1-yl]methyl}quinolin-6-amine 
(Example 4, Step B). ^H NMR (300 MHz. DMSO-de) 5 8.66 (s. 1H), 8.36 (s. 
1H), 8.29 (d. J = 9.0 Hz. 1H). 8.07 - 7.91 (m. 8H). 7.65 (d. J = 8.7 Hz, 1H), 
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7.33 (m. 1H). 7.17 (m. 2H). 3.87 (s. 2H), 3.04 (m. 3H). 2.80 (m. 2H), 2.26 (m, 
2H), 1.84 (m. 2H); ES-LCMS m/z 581 (M+H). 



Example 104 




6-(4-chlorophenyl).3.[2-({4-[4-(trifluoromethyl)phenyqplperidin.1. 
yl}methyl)qulnolin-6-yi]thieno[3.2-d]pyriinidln-4(3/l)^ne 




Step A: 6Hiltro-2-({4-[4-(tiifluoromethyI)phenyl]piperidin-1-yl}methyl)quinolfn 

6-nitrD-2-({4-[4-(trifluoromethyl)phenyl]piperidin-1-yl>methyl)qui 
prepared using a similar experimental procedure as in Example 2, Step B by 
reacting 2-(bromomethyl)-6-nitroquinoline with 4-(4-fluorophenyl)plperidine. 
The desired compound was purified by column chromatography on silica gel, 
eluting with a gradient of 70% ethyl acetate in hexane. NMR (300 MHz, 
DMSO-de) 5 9.09 (s, 1H). 8.75 (d, J = 8.6 Hz, 1H). 8.50 (d, J = 9.3 Hz, 1H). 
8.23 (d, J = 9.3 Hz. 1H), 7.93 (d, J = 8.5 Hz, 1H), 7.70 (d, J = 8.1 Hz, 2H), 
7.35-- 7.10 (d. J = 8.1 Hz, 2H), 3.90 (s. 2H). 3.68 (m, 1H), 3.23 (m, 2H), 2.98 
(m, 2H), 1.87 (m, 4H); ES-LCMS m/z 41 6 (M+H). 
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F 



Step B: 2-({4-[4-(trifluoromethyl)phenyl]piperldin-1 -yl}methyl)qulnolin-6-amlne 

2-({4-[4-(T rifluoromethyl)phenyl]piperidin-1 -yl)methyl)quinolin-6-amlne was. 
prepared using a similar experimental procedure as In Example 2. Step C by 
reducing 6-nitro-2-({4-{4-(trlfluoromethyl)phenyl]piperidin-1-yl}methyl)quinoline 
with hydrogen gas and 10% Pd/C. The cmde compound was used directly in 
the next step. NMR (300 MHz, DMSO-de) 5 7.97 (d, J = 8.6 Hz, 1H), 7.73 
(m. 3H). 7.69 (m. 3H), 7.16 (m, 1H)), 5.60 (brs, 2H), 3.91 (s. 2H). 3.64 (m. 
1H). 3.38 (m, 2H), 3.01 (m, 2H), 2.61 (m, 3H). 1.89 (m. 2H); ES-LCMS m/z 
386 (M+H). 




Step C: 6-(4-chlorophenyl)-3-[2-({4-[4-(trifluoromethyl)phenyl)plperidln-1 - 
yl}methyl)quinolin-6-yl]thieno[3,2-cGpyrimidin-4(3H)-one 

The title compound was prepared using a similar experimental procedure as 
In Example 2, Step D by reacting 5-(4-chlorophenyl)-3-{[(1E)- 
(dlmethylamino)methylidene] amino}thiophene-2-carboxylate (Example 1, 
Step D) with 2-({4-[4-(trifluoromethyl)phenyllpiperidin-1-yl}methyl)quinolln-6- 
amine (Example 4. Step B). ^H NMR (300 MHz, DMSO-t/s) 6 8.62 (s. 1 H), ' 
8.48 (d. J = 8.6 Hz, 1H), 8.24 (s. 1H). 8.18 (d. J = 9.0 Hz, 1H), 8.1 1 - 7.81 (m, 
8H), 7.83 (d, J = 8.6 Hz, 1H), 7.70 - 7.38 (m. 2H). 3.89 (s, 2H), 3.03 (m. 3H), 
2.75 (m, 2H). 2.24 (m, 2H) 1.81 (m, 2H); ES-LCMS m/z 631 (M+H). 
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Example 105 




6-(4-chlorophenyl)-3-[2-(piperidin-1-ylmethyl)quinolin-6-yl]thieno[3,2- 

c#|pyrimidin-4(3/^-one 




Step A: 6-nitro-2-(piperidln-1-ylmethyl)qulnoline 

6-Nitro-2-(piperidiiv1-ylmethyl)quinoline was prepared using a similar 
experimental procedure as in Example 2, Step B by reacting 2- 
(bromomethyl)-6-nitroquinoline with piperidine. The desired compound was 
purified by column chromatography on silica gel, eluting with a gradient of 
70% ethyl acetate in hexane. NMR (300 MHz. DMSO-de) 5 9.07 (s, 1H), 
8.70 (d. J = 8.7 Hz, 1H), 8.48 (d, J = 9.3 Hz, 1H), 8.20 (d. J = 9.2 Hz, 1H). 
7.87 (d, J = 8.5 Hz. 1H), 3.80 (s, 2H), 2.53 (m, 4H), 1.60 - 1.43 (m. 6H); ES- 
LCMS/n/z272(M+H). 




,Step B: 2-(piperidin-1-ylmethyl)quinolln-6-amine 

2-(Piperidin-1-ylmethyl)qulnolin-6-amlne was prepared using a similar 
experimental procedure as in Example 2, Step C by reducing 6-nitro-2- 
(piperidin-l-ylmethyl)quinollne with hydrogen gas and 10% Pd/C. The crude 
compound was used directly in the next step. ^H NMR (300 MHz, DMSO-de) 
6 7.92 (d, J = 8.6 Hz. 1H), 7.67 (d, J = 8.8 Hz, IN), 7.40 (d. J = 8.4 Hz, 1H), 
7.20 (d, J = 8.5 Hz. 1H). 5.52 (brs, 2H) 3.60 (s, 2H). 2.54 (m. 4H), 1.56 - 1,41 
(m, 6H): ES-LCMS m/z 242 (M+H). 
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Step C: 6-(4-chlorophenyl)-3-[2-(piperidin-1 -ylmethyt)quinolin-&-yqthieno[3.2- 

d)pyrimidin-4(3H)-one 



The title compound was prepared using a similar experimental procedure as 
in Example 2, Step D by reacting 5-(4-chlorophenyl>-3-{[(1 E)- 
(dimethylamino)methylidene] amino}thiophene-2-carboxylate (Example 1, 
Step D) with 2-(piperidin-1-ylmethyl)quinolin-6-amine (Example 105, Step B). 

NMR (300 MHz. DMSO-de) 6 8.64 (s. 1H), 8.63 (d, J = 9.1 Hz. IN). 8.36 (s. 
1H). 8.28 (d, J = 9.0 Hz, 1H). 8.07 (m, 5H), 7.65 (m. 2H), 3.50 (s. 2H), 2.53 
(m. 4H). 1.86- 1.49 (m, 6H); ES-LCMS m/z 487 (M+H). 

Example 106 




6>(4-chlorophenyl)-3-[2-(piperldin-1 -ylmethyl)-1 -benzothien-5- 
yl]thieno[3^-d]pyrimidin-4(3H)^ne 




Step A: methyl 5-nitro-1-benzothiophene-2-carboxylate 

To a solution of 2-chloro-5-nitrobenzaldehyde 5.55 g (30 mmol) and methyl 
mercaptoacetate 2.68 mL (30 mmol) in DMF (60 mL) was added KOH (3.0 g) 
in15 mL water dropwise. After stimng for 1 h the contents were poured into 
crushed Ice and the solid filtered, washed with water and dried. The cmde 
product was taken direcUy to the next step. ^H NMR (300 MHz, DMSO-de) 5 
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8.96 (s, 1H), 8.40 (s,1H), 8.36 (s, 1H). 8.34 (d, J = 7.8 Hz. 1H), 8.36 (d. J = 
7.8 Hz. 1H). 3.90 (s. 3H); ES-LCMS m/z 238 (M+H). 




5 StepB: 5-nitro-1-benzothiophene-2-carboxylicacid 

To a solution of methyl 5-nitro-1-benzothiophene-2-carboxylate 14,0 g (60 
mmol) obtained In Step A In THF (60 mL) was added 60 mL of 1 N LIOH and 
the contents stirred for 16 h. After acidification, ethyl acetate (100 mL) was 
10 added and the organic layer separated. The organic layer was dried with 
MgS04 and then concentrated to afford the add in quantitative yeild. ^H NMR 
(300 MHz, DMSO-cfe) 5 8.97 (s. IHJ. 8.40 (m.4H); ES-LCMS m/z 223 (M+H). 




15 StepC: 1-[(6-nitro-.1-benzothien-2-yl)carbonyl]piperidlne 

To a solution of 5-nitro-1-benzothiop.hene-2-carboxylic acid obtained In Step B 
(1.3 g, 5.83 mmol) in DCM (30 mL) was added Huriig's base 1.21 mL (6.99 
mmol). EDC (1.23 g, 6.41 mmol), HOST (6.99 mmol) and piperidine (0.633 

20 mL, 6.41 mmol) and the contents stinred at room temperature for 16 h. After 
washing with satd. sodium chloride solution followed by satd. NaHCOa 
solution, the organic layer was dried with MgS04 and concentrated to afford 
the desired product. ^H NMR (300 MHz, DMSO-de) 5 8.92 (s, 1 H), 8.36 (d, J 
= 9.0 Hz. 1 H), 8.28 (d, J = 9.0 Hz, 1 H), 7.97 (s. 1 H). 3.68 (m. 4H), 1 .69 (m, 

25 6H); ES-LCMS m/z 291 (M+H). 
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Step D: 2-(piperidin-1-ylcarbonyl)-1-benzothien-5-ytamine 

To a solution of 1-[(5-nitro-1-benzothien-2-yl)carbonyl]piperidine (1.6 g, 5.80 
mmol) in methanol (30 mL) was added 10% Pd/C (0.13 g) and the contents 
5 kept under H2 at 40 psi. After 4 h, the solution was filtered through Cellte and 
then concentrated under vacuum to afford the amine. NMR (300 MHz, 
DMSO-de) 5 7.63 (d. J = 8.7 Hz. 1H). 7.46 (s, 1H). 7.01 (s, 1H). 6.83 (d. J = 
8.6 Hz, 1H), 5.20 (brs, 2H), 3.36 (m. 4H). 1.68 (m, 6H); ES-LCMS m/z 261 
(M+H). 

10 




Step E: 2-(piperidin-1-ylmethyl)-1-benzothiophen-5-amine 

To a solution of 2-(piperidin-1-ylcarbonyl)-1-benzothien-5-ytamine (1.0 g, 3.85 
15 mmol) in THF (20 mL) was added a 1 .0 M solution of LAH In THF (19.2 mL, 
19.2 mmol) and the contents refluxed for 20 h. After addition of 1 N sodium 
hydroxide, ethyl acetate was added and the organic layer separated. Drying 
(MgS04) and concentration afforded the desired product that was directiy 
carried to flie next step. NMR (300 MHz. DMSO-de) 5 7.50 (d, J = 8.6 Hz. 
20 1 H), 7.46 (s, 1 H), 7.0 (s, 1 H). 6.88 (d, J = 8.6 Hz, 1 H). 5.02 (brs, 2H). 3.66 (s, 
2H). 2.54 (m, 4H), 1.54 (m, 6H); ES-LCMS m/z 247 (M+H). 




Step F: 6-(4-chlorophenyl)-3-[2-(piperidin-1-ylmethyl)-1-benzothierv5- 
25 yl]thieno[3,2-c(lpyrimidin-4(3H)-one 

The title compound was prepared using a similar experimental procedure as 
in Example 2, Step D by reacting 5-(4-chlorophenyl)-3-{[{1 E)- 
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(dimethylamino)methylidene] amino}thiophene-2-carboxylate (Example 1 , 
Step D) with 2-(piperidin-1-ylmethyl)-1-benzQthiophen-5-amine. NMR (300 
MHz, DMSO-ds) 5 8.54 (s, 1 H). 8.28 (m. 2H), 8.05 (m, 3H). 8.00 (d, J = 8.6 
Hz. 1 H), 7.82 (s, 1 H). 7.64 (m. 2H), 3.81 (s. 2H). 2.48 (m, 4H). 1 .65 (m. 6H); 
5 ES-LCMS m/z 492 (M+H). 



Example 107 



10 




6-(4-chlorophenyl)-3-[2-(morpholin-4oylmethyl)-1-benzothien-5- 
yl]thieno[3,2<(]pyrimidin-4(3N)-one 



15 




Step A: 4-[(5-nitro-1-benzothien-2-yl)carbonyl]morpholine 

4-[(54slitro-1-benzothien-2-yt}carbonyqmorpholine was prepared using a 
similar experimental procedure as in Example 106, Step C by reacting 5- 
nitro-1-benzothiophene-2-carboxylIc acid with morpholine. ^H ^MR (300 
MHz, DMSO-de) 5 8.85 (s, 1H). 8.32 (d, J = 9.0 Hz. 1H), 8.25 (d, J = 9.0 Hz, 
1 H), 7.98 (s, 1 H), 3.67 (m, 8H): ES-LCMS m/z 293 (M+H). 



20 




step B: 2-(morpholin-4-ylcarbonyl)-1-benzothien-5-ylamine 



2-(Morpholin-4-yicarbonyl)-1-benzothlen-5-ylamine was prepared using a 
25 similar experimental procedure as in Example 106, Step D by reducing 4-[(5- 
nitro-1-benzothien-2-yl)carbonyl]morpholine with hydrogen gas and Pd/C. ^H 
NMR (300 MHz, DMSO-cfe) 5 7.47 (d, J = 8.4 Hz, 1H), 7.43 (s, 1H), 6:83 (s. 
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1H). 6.63 (d. J = 8.4 Hz, 1H), 5.23 (brs, 2H). 3.34 (m. 8H); ES-LCMS m/z 263 
(M+H). 

f 

5 StepC: 2-( norpholin-4-ylmethyl)-1-benzothiophen-5-amlne 

2-(Morpholin-4-ylmethyl)-1-benzothiophen-5-amine was prepared using a 
similar experimental procedure as in Example 106. Step^E by reducing 2- 
(morpholin-4-ylcarbonyl)-1-benzothien-5-ylamine with LAH. NMR (300 
10 MHz, DMSO-de) 5 7.48 (d, J = 8.4 Hz, 1 H), 7,42 (s. 1 H). 6.81 (s, 1 H). 6.64 (d, 
J = 8.4 Hz, 1H), 5.0 (brs. 2H), 3.57 (t, J = 4.6 Hz, 4H), 2.49 (m. 4H); ES-LCMS 
/r/2 249(M+H). 




15 Step D: 6-(4-chlorophenyl)-3-[2-(morphonn-4-ylmethyl)-1-benzothien-5- 

yl]thieno[3,2-dJpyrimidin-4(3H)-one 

The title compound was prepared using a similar experimental procedure as 
in Example 2, Step D) by reacting 5-(4-chlorophenyl)-3-{((1 E)- 

20 (dimethylamino)m6thylidene] amino}thiophene-2-carboxylate (Example 1 , 
Step D) with 2-(morpholin-4-ylmethyl)-1-benzothiophen-5-amlne (Example 
107. Step C). ^H NMR (300 MHz, DMSO-cfe) 6 8.48 (s, 1H), 8.07 (d, J = 8.4 
Hz. 1H). 8.05 (s, 1H), 7.98 (m. 3H). 7.58 (d. J = 8.6 Hz, 1H). 7.46 (d. J = 8.5 
Hz. 1H), 7.38 (s, 1H), 7.16 (m. 1H), 3.81 (s. 2H). 3.60 (m. 4H) 2.49 (m, 4H): 

25 ES-LCMS m/z 494 (M+H). 



Example 108 
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6-(4-chlorophenyl)-3-{2-[(4-phenylpiperidin-1-yl)methyi]-1-benzothien-5- 
yl}thieno[3,2-d]pyrimidin-4(3H)-one 




Step A: 1-[(5-nitro-1-benzothien-2-yt)carbonyl]-4-phenylpiperidine 

1-[(&-Nitro-1-benzothierv-2-yl)carbonyl]-4-phenylpipeiidine was prepared using 
a similar experimental procedure as in Example 106, Step C by reacting 5- 
10 nitro-1-benzothiophene-2-carboxylic acid with 4-ptienylpiperidine. NMR 
(300 MHz. DMSO-de) 5 8.92 (s, 1H), 8.37 (d. J = 8.9 Hz. 1H), 8.29 (d. J = 8.8' 
Hz. 1H). 8.05 (s, 1H), 7.26 (m. 5H). 3.19 (m. 2H), 2.92 (m. 3H). 1.89 (m. 4H); 
ES-LCMS m/z 367 (M+H). 




Step B: 2-[(4-plienylpiperidin-1-yl)carbonyl]-1 -benzothiophen-5-amine 

2-[(4-Phenylpiperidin-1-yl)carbonyl]-1-benzothiophen-5-amlne was prepared 
using a similar experimental procedure as in Example 106, Step D by 
20 reducing 1-[(5-nitro-1-benzothien-2-yl)cartDonyl]-4-phenylpiperidine with 

hydrogen gas and Pd/C. ^H NMR (300 MHz. DMSO-de) 5 7.64 (d, J = 8.6 Hz, 
1H). 7.48 (s, 1H), 7.35 (m, 5H), 7.02 (s, 1H). 6.84 (d, J - 8.6 Hz, 1H), 5.21 
(brs, 2H) 3.18 (m, 2H), 2.91 (m. 3H), 1.90 (rp, 4H); ES-LCMS m/z 337 (M+H). 
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Step C: 2-((4-phenylplperidln-1-yI)methyl]-1-benzothiophen-5-amine 

2-[(4-Phenylplperidin-1 -yl)methyl]-1 -benzothiophen-5-amine was prepared 
5 using a sirhilar experimental procedure as in Example 106, Step E by 

reducing 2-((4-phenylpiperidin-1 -yl)carbonyll-1 -benzottiiophen-5-amine with 
LMi. NMR (300 MHz, DMSO-de) 6 7.51 (d, J = 8.5 Hz, 1H), 7.34 (m, 5H). 
7.05 (s. 1H), 6.90 (s. 1H). 6.69 (d. J = 8.6 Hz. 1H). 5.03 (brs, 2H). 3,75 (s, 
2H). 3.18 (m, 5H), 1.90 (m, 4H); ES-LCMS m/z 323 (M+H). 

10 




Step D: 6-(4-chlorophenyi)-3-{2-[(4-phenyipiperidin-1-yl}methyl]-1- 
benzothien-5-yl}thieno[3,2-d]pyrimidin-4(3H)-one 

15 The title compound was prepared using a similar experimental procedure as 
in Example 2, Step D) by reacting 5-(4-chlorophenyl)-3-{[(1E)- 
(dimethylamino)methylidene] amino}thiophene-2-c9rboxylate (Example 1 , 
Step D) with 2-[(4-phenylpiperidin-1-yl)methyl]-1-benzothiophen-5-amine. ^H 
NMR (300 MHz, DMSO-de) 6 8.53 (s, 1H). 8.14 (d, J = 8.6 Hz, 1H), 8.04 (s, 

20 1 H), 7.99 (m. 3H), 7.64 (d. J = 8.5 Hz, 1 H), 7.51 (d, J = 8.4 Hz, 1 H). 7.44 (s. 
1 H), 7.35 (m, 6H), 3.90 (s. 2H), 3.09 (m, 5H), 1.91 (m, 4H); ES-LCMS m/z 568 
(M+H). 



Example 109 
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CI 





6-(4-chlorophenyl)-3-{2-[(4-phenylpiperazin-1-yl)methyi].1-benzothien-5- 

yl}thieno[3,2-cqpyrimidin-4(3//)-one 



1-[(5-Nitro-1-benzothlen-2-yl)carbonyl]-4-phenylprperazine was prepared 
using a similar experimental procedure as in Example 106, Step C by reacting 
5-nitro-1-benzothiophene-2-carboxylic acid with 1-phenylpiperazine. NMR 
(300 MHz. DMSO-c/e) 5 8.91 (s, 1H). 8.31 (d. J = 9.0 Hz. 1H), 8.30 (d. J = 9.0 
Hz, 1H), 8.08 (s, 1H). 7.28 (m. 2H)„7.02 (m. 2H), 6.97 (m. 1H), 3.28 (m. 4H). 
2.55 (m, 4H); ES-LCMS m/z 368 (M+H). 



Step B: 2-[(4-phenyipiperazin-1-yl)carbonyl]-1-benzothiophen-5-amine 

2-[(4-Phenylpiperazin-1-yl)carbonyll-1-benzothiophen-5-amine was prepared 
using a similar experimental procedure as in Example 106, Step D by 
reducing 1-[(5-nitro-1-benzothien-2-yl)carbonyl]-4-phenylpiperazine with 
hydrogen gas and Pd/C. ^H NMR (300 MHz, DMSO-de) 5 7.65 (d, J = 8.7 Hz, 
1H), 7.52 (s. 1H). 7.30 (m. 2H), 7.03 (m. 3H), 6.86 (m. 2H), 5.25 (brs, 2H), 
3.24 (m, 4H), 2.56 (m, 4H); ES-LCMS m/z 338 (M+H). 



o 




Step A: 1-[(5-nltro-1-benzothien-2-yl)cariaonyl]-4-phenylpiperazIne 
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Step C: 2-[(4-Phenylpiperazin-1-yl)methyl]-1-benzothiophen-5-amine 



2-[(4-Phenylpiperazin-1 -yl)methyl]-1 -benzothiophen-5-amlne was prepared 
5 using a similar experimental procedure as in Example 106, Step E by 

reducing 2-[(4-phenylpiperazin-1 -yl)carbonyl]-1 -benzothiophen-5-amine with 
LAH. NMR (300 MHz, DMSO-ds) 5 7.53 (d, J = 8.6 Hz, 1H), 7.20 (m. 2H). 
7.02 (s. 1H). 7.0 - 6.65 (m, 5H), 5.04 (brs, 2H). 3.78 (s, 2H). 3.24 (m, 4H), 
2.54 (m, 4H); ES-LCMS mfz 323 (M+H). 

10 




Step D: 6-(4-chlorophenyl)-3-{2-[(4-phenylpiperazin-1-yl)methyl]-1- 
benzothien-5>yl}thieno[3.2-dlpyrimidin-4(3H)-one 

15 The title compound was prepared using a similar experimental procedure as 
in Example 2, Step D by reacting 5-(4-chlorophenyl>-3-{[(1E)- 
(dimethylamirK))methyiidene] amirK>}thiophene-2-carboxylate (Example 1, 
Step D) with 2-[(4-phenylpiperazin-1-yl)methyl]-1-benzothiophen-&-amine. ^H 
NMR (300 MHz, DMSO-de) 5 8.54 (s, 1H), 8.15 (d. J = 8.8 Hz. 1H). 8.04 (s, 

20 1 H), 7.99 (m. 6H). 7.64 (d, J = 8.5 Hz. 1 H). 7.51 (m, 1 H). 7.39 (s, 1 H), 7.27 
(m. 1H). 6.98 - 6.81 (m. 2H), 3.93 (s. 2H), 3.24 (m. 4H), 2.54 (m. 4H); ES- 
LCMS m/z 569 (M+H). 



Example 110 
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6-(4-chlorophenyl)-3-{2-[(dimethylamino)methyl]-1-benzothien-5- 
yl}tf«ieno[3,2-d]pyrinniclinw|(3#f)K>ne 



p 



5 




Step A: /V,/yA<]imethyi-5-nitFo-1-benzothiophene-2-carboxamide 

/V,A^Dimethyl-5-nitro-1-benzothiophene-2-carboxamide was prepared using a 
simitar experimental procedure as in Example 106, Step C by reacting 5- 
10 nitro-1-benzothiophene-2-carboxylic acid with N.N-dimethylamine. NMR 
(300 MHz. DMSO-cfe) 5 8.90 (s, 1 H),^8.35 (d, J = 8.9 Hz, 1 H). 8.29 (d. J = 9.0 
Hz. 1H), 8.10 (s. 1H). 3.29 (s, 3H), 3.10 (s, 3H); ES-LCMS m/z251 (M+H). 




• 15 StepB: 5-amlno-/V,N-dimethyl-1-benzothiophene-2-carboxamide 

5-Amino-A/.A^dimethyl-1-benzothiophene-2-cart)oxamide was prepared using 
a similar experimental procedure as in Example 106, Step D by reducing A/,A^ 
dimethyl-5-nitro-1-benzothiophene-2-carboxamide with hydrogen gas and 
. 20 Pd/C. NMR (300 MHz, DMSO-de) 6 7.63 (d, J = 8.7 Hz, 1H), 7.53 (s. 1H). 
7.01 (s, 1H), 6.84 (d. J = 8.6 Hz, 1H), 5.21 (brs, 2H). 3.21 (s, 6H); ES-LCMS 
m/z 221 (M+H). 




25 StepC: 2-((dimethylamino)methyl]-1-benzothiophen-5-amine 
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2-[(Dimethylamino)methyl]-1-benzothiophen-5-amine was prepared using a 
similar experimental procedure as in Example 106, Step E by reducing 5- 
amino-A/,A/-dlmethyl-1-benzothiophene-2-cart)oxamide with LAH. NMR 
5 (300 MHz, DMSO-cfe) 6 7.53 (d, J = 8.6 Hz. 1 H), 7.48 (s, 1 H), 7.02 (s, 1 H), 
6.89 (d, J = 8.6 Hz, 1H), 5.03 (brs, 2H). 3.63 (s. 2H), 2.21 (s, 6H): ES-LCMS 
i,Vz 207 (M+H). 



25 




10 step D: 6-(4-chlorophenyl)-3-{2-[(dimethylamino)methyll-1-benzothien-5- 

yl}tiiieno[3,2-d]pyrimidin-4(3H)-one 

The title compound was prepared using a similar experimental procedure as 
in Example 2, Step D) by reacting 5-(4-chlorophenyl)-3-{[(1E)- 
15 (dimethylamino)methylidene] amino}thiophene-2-carboxyiate with 2- 
[(dimethylamino)methyl]-1-benzothiophen-5-amine. ^H NMR (300 MHz, 
DMSO-cfe) 6 8.55 (s, 1H), 8.28 (d, J = 8.6 Hz, 1H), 8.19 (s, 1H), 8.05 (m, 2H), 
7.99 (d, J = 8.4 Hz, 2H), 7.83 (s, 1 H), 7.65 (d. J = 8.4 Hz, 2H) 3.57 (s, 2H), 
2.82 (s, 6H): ES-LCMS m^z 452 (M+H). 

20 




6-(4-chlorophenyi)-3-{2-[(4-methyipiperazin-1-yl)methyl]-1-benzothien-5- 

yl}thieno[3,2-c/]pyrimidin-4(3H)-one 



s 
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Step A: 1-methyl-4-[(5-nitro-1-benzothien-2-yl)carbonyl]piperazine 

1-Methyl-4-[(5-nitro-1-ben230thien-2-yl)carbonyI]piperazlne was prepared using 
a similar experimental procedure as In Example 106, Step C by reacting 5- 
5 nitro-1-benzothiophene-2-carboxylic acid with N-methylpiperazine. NMR 
(300 MHz. DMSO-de) 5 8.90 (s. 1H), 8.37 (d.'J = 9.0 Hz, 1H), 8.17 (d, J = 8.9 
Hz. 1H), 8.01 (s, 1H), 3.72 (m. 4H), 2.47 (m. 4H). 2.25 (s. 3H); ES-LCMS m/z 
306 (M+H). 



Step B: 2-[(4-methylpiperazin-1 -yl)carbonyl]-1 -benzothiophen-5-amine 

2-[(4-Methylpiperazin-1-yl)carbonyl]-1-benzothiophen-5-amine was prepared 
using a similar experimental procedure as in E}«imple 106, Step D by 
1 5 reducing 1 -methyl-4-[(5-nitro1-benrothien-2-yt)carit)onyl]piperazine with 

hydrogen gas and Pd/C. ^H NMR (300 MHz, DMSO-de) 5 7.63 (d, J 8.5 Hz, 
1H). 7.44 (s, 1H), 7.01 (s, 1H), 6.84 (d. J = 8.5 Hz, 1H), 5.23 (brs. 2H). 3.69 (t, 
J = 4.7 Hz, 4H). 2.41 (t, J = 4.8 Hz. 4H), 2.12 (s. 3H); ES-LCMS m/z 276 
(M+H). 



2-[(4-Methylpiperazln-1 -yl)methyl]-1 -benzothiophen-5-amine was prepared 
^ 25 using a similar experimental procedure as in Example 106, Step E by 

reducing 2-[(4-methylpiperazin-1 -yl)carbonyl]-1 -benzothiophen-5-amine with 



LAH. ^H NMR (300 MHz, DMSO-de) 5 7.51 (d, J = 8.7 Hz. 1H), 7.46 (s. 1H), 
7.02 (s, 1H), 6.86 (d. J = 8.7 Hz, 1H), 5.0 (brs, 2H), 3. 78 (s, 2H), 2.42 (m. 
4H), 2.40 (m, 4H), 2.14 (s, 3H); ES-LCMS m/z 262 (M+H). 



10 





Step C: 2-[(4-methylpiperazin-1-yl)methyl]-1-benzothiophen-5-amine 
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15 




Step D: 6-(4-chlorophenyl)-3-{2-[(4-methylplperazin-1-yl)methyll-1- 
benzothien-5-yl}thieno[3.2-c(]pyrimidin-4(3H>-one 

5 

The title compound was prepared using a similar experimental procedure as 
in Example 2, Step D) by reacting 5-(4-chlorophenyl)-3-{((1E>- 
(dimethytamino)methylidene] amino}thiophene-2-carboxylate with 2-[(4- 
methylpipera2in-1-yl)methyl]-1-benzothiopherv5-amlne. NMR (300 IVIHz, 
10 DMSO-de) 8 8.48 (s, 1 H), 8.07 (d, J = 8.4 Hz, 1 H), 7.98 (s, 1 H), 7.93 (m, 3H), 
7.58 (d, J = 8.6 Hz, 2H), 7.45 (d, J = 8.6. Hz, 1H). 7.36 (s, 1H), 3.79 (s. 2H), 
2.41 - 2.22 (m. 8H). 2.14 (s, 3H); ES-LCMS m/z 507 (M+H). 

Example 112 




.khOH 



6-(4-chlorophenyl)-3-(2-{[(3/?)-3-hydroxypyrrolidin-1 -yl]methyl}-1 • 
benzothien-6-yl)thieno[3,2-d]pyrimidin-4(3H)-one 




Mint OH 



20 Step A: (3R)-1 -[(5-nitro-1 -benzothien-2-yl)carbonyl]pyrrotidin-3-ot 

e 

(3R)-1-[(5-Nitro-1-benzothien-2-yl)carbonyl]pyrrolldln-3-ol was prepared using 
a similar experimental procedure as in Example 106, Step C by reacting 5- 
nitro-1-benzothiophene-2-carboxylicacid with (3R)-pyrrolidln-3-ol. NMR 
25 (300 MHz, DMSO-cfe) 5 8.90 (s, 1H), 8.36 (d. J = 9.0 Hz, 1H), 8.10 (d, J = 8.9 
Hz, 1H), 8.01 (s, IN). 4.23 (m. 1H), 3.94 (brs. 1H). 3.61 - 3.33 (m, 4H), 1.89 
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(m. 2H); ES-LCMS m/z 293 (M+H). 




Step B: (3/?)-1-((5-amino-1-benzothien-2-yl)carbonyl]pyrrolldln-3-ol 

(3R)-1-[(5-Amlno-1-benzothlen-2-yl)carbonyl]pyiToliclln-3-ol was prepared 
using a similar experimental procedure as in Example 106. Step D by 
reducing (3R)-1 -[(5-nitro-1 -berizothien-2-yl)carbonyl]pyrrolidin-3-ol with 
hydrogen gas and Pd/C. NMR (300 MHz, DMSO-de) 5 7.51 (d, J = 8.6 Hz, 
1H). 7.41 (s, 1H), 7.01 (s, 1H), 6.82 (d, J = 8.7 Hz. 1H), 5.23 (brs, 2H). 4.21 
(m, 1H). 3.96 (brs, 1H), 3.63 - 3.31 (m. 4H), 1.90 (m. 2H); ES-LCMS 263 m/z 
(M+H). 



Step C: (3R)-1-[(5-amino-1-benzothierv-2-yl)carbonyl]pyrrolidin-3-ol 

(3/?)-1-[(5-Amino-1-benzothien-2-yl)carbonyi]pyrrolidin-3-ol was prepared 
using a similar experimental procedure as in Example 106, Step E by 
reducing 2-[(4-methylpiperazin-1-yl)carbonyl]-1-benzothiophen-5-amine with 
LAH. ^H NMR (300 MHz^ DMSO-cfe) 5 7.43 (d, J = 8.4 Hz, 1 H). 6.94 (s, 1H), 
6.82 (s. 1H). 6.61 (d. J = 8.4 Hz, IN). 5.01 (brs. 2H). 4.61 (brs, 1H), 4.23 (m, 
1H). 3.77 (s, 2H), 2.65 (m, 2H), 2.31 (m, 2H), 1.98 (m. 1H), 1.45 (m. 1H); ES- 
LCMS m/z 249 (M+H). 




Step D: 6-(4-chlorophenyl)-3-(2-{[(3R)-3-hydroxypyrrolidin-1 -yl]methyl}-1 - 




benzothien-5-yl)thi(eno[3,2-dlpyrimidin-4(3H)-one 
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The title compound was prepared using a similar experimental procedure as 
In Example 2, Step D) by reacting 5-(4-chlorophenyl)-3-{[(1E)- 
(dimethylamino)methylidene] amino}thiophene-2-carboxyiate with (3R)-1-[(5- 
amino-1-benzothien-2-yl)carbonyl]pyrrolidin-3-ol. NMR (300 MHz, DMSO- 
de) 8 8.49 (s. 1H), 8.07 (d. J = 8.6 Hz, 1H). 7.99 (s. 1H). 7.93 (m. 3H). 7.58 (d. 
J = 8.5 Hz. 2H), 7.45 (d, J = 8.6 Hz. 1H). 7.35 (s."1H). 4.73 (brs. 1H). 4.21 (m. 
1H). 3.90 (s. 2H). 2.81 -48 (m. 3H). 2.41 (m. 1H). 1.98 (m, 1H). 1.48 (m. 1H); 
ES-LCMS m/z 494(M+H). 



N 

6-(4-chlorophenyl)-3-[6-(pyrrolidin-1-ylmethyl)-2-naphthyl]thieno[3,2- 

(4pyi'imiclin-4(3//)-one 



To a DMF solution (100 mL) containing 6-amino-2-naphthoic acid (5 g, 26.71 
mmol, 1.0 eq) was added N,N-diisopropylethylamlne (5.58 mL, 32.05 mmol, 
1.2 eq) followed by HATU (15.2 g, 40.07 mmol, 1.5 eq). The resulting solution 
was stirred at room temperature for 20 min. To this stining solution was 
added pynrolidine (2.7 mL, 32.05 mmol, 1.2 eq). The resulting solution was 
stinred at room temperature for 18 h and quenched with a sat. NaHCOs 
solution (ca 20 mL). The cloudy solution was then poured Into H2O (ca 100 
mL) and extracted with EtOAc (3 x 25 mL). The combined organic extracts 
were washed with H2O (2x) and brine (Ix); dried over MgS04 and 
concentrated in vacuo. The resulting off-white solid (4.57 g, 19.02 mmol. 



Example 113 





Step A: 6-(pyrrolidin-1-ylcarbonyl)naphthalen-2-amine 
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71 %) was used in the next step without further purification. NMR (400 
MHz. CDCI3) 5 7.87 (s, 1H). 7.68 (d. J = 8.0 Hz, 1H). 7.61 (m. 2H). 6.92 (s, 
2H). 3.93 (bs. 2HX 3.71 (m. 2H). 3.56 (m, 2H). 2.03 (m, 4H). 



5 




Step B: 6-(pyn-olldln-1-ylmethyt)naphthalen-2-amine 

A solution of the intermediate from Example 113, Step A (4.57 g, 1 9.02 mmol. 
1 .0 eq) in anhydrous THF (100 mL) was slowly added to a cooled (0 "C) 

10 suspension of lithium aluminum hydride (1 .8 g, 47.55 mmol, 2.5 eq) in 

anhydrous THF (200 mL). The resulting mixture was allowed to warm to room 
temperature and stin-ed for 18 h. The reaction was quenched by the 
sequential addition of H2O (1.8 mL), 15% NaOH (1.8 mL), and H2O (5.4 mL). 
The resulting precipitate was filtered and washed with THF. The filtrate was 

1 5 concentrated in vacuo and the resulting solid (4.3 g, 1 9.02 mmol, 1 00%) was 
used In the next step without further purification. ^H NMR (400 MHz, CDCI3) 5 
7.64 (m, 3H). 7.39 (dd, J = 8.4, 1.6 Hz. 1H), 6.98 (d. J = 2.1 Hz. 1H). 6.95 (dd, 
J = 8.6, 2.2 Hz. 1H). 3.83 (bs. 2H). 3.73 (s, 2H), 2.59 (m. 4H), 1 .82 (m, 4H). 




Step C: 6-(4-chlorophenyl)-3-[6-(pyrrolidin-1 ;ylmethyl)-2-naphthyllthieno[3,2- 

dJpyrimidin-4(3H)-one 



To a dichloroethane solution (80 mL) containing the Intermediate compound 
25 produced in Example 1 1 3, Step B (1 1 .8 g, 52.21 mmol, 1 .3 eq) and methyl 5- 
(4-chlorophenyl)-3-{[(£)-(dimethylamino)methylidenelamino}-2- 
thiophenecart}oxylate (12.93 g, 40.16 mmol, 1.0 eq, as described above) was 
added drop-wise a solution of AIMea in hexanes (60.24 mL, 120.48 mmol, 3.0 
eq). The resulting mixture was heated to reflux for 3 h, then cooled to room 
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temperature and placed in an ice bath. Formic acid (200 mL) was added 
very slowly and the resulting mixture heated to reflux for 4 h. Upon cooling to 
room temperature, the aqueous phase was made basic by the addition of a 
50% NaOH solution. The organic phase was separated and the aqueous 
phase extracted (2x) with CHaCU. The combined organic extracts were dried 
over MgS04 and concentrated in vacuo. The resulting solid was triturated 
with a small amount of CH2CI2 to purify the title compound (13.4 g, 28.38 
mmol, 70%). NMR (400 MHz, CDCI3) 5 8.23 (s. 1H), 7.98 (d, J = 8.8 Hz, 
1H), 7.85 (m, 3H), 7.68 (d, J = 8.4 Hz, 2H), 7.61 (d, J = 8.6 Hz, 1H), 7.55 (s. 
1H), 7.53 (dd, J = 8.6. 1.8 Hz. 1H), 7.46 (d. J = 8.4 Hz, 2H), 3.81 (s. 2H), 2.56 
(m. 4H), 1.82 (m. 4H). AP-LCMS m/z 473 (M+H). 



A solution of AIMes in hexanes (0.38 mL. 0.75 mmol) was added slowly to a 
solution of [(6-amino-2-naphthalenyi)methyl]dimethylamine (0.10 g, 0.50 
mmol) and methyl 5-(4-chlorophenyl)-3-{[(1£)- 

(dimethyiamino)methylldene]amino}-2-thiophenecarboxylate (Example 1, Step 
D; 0.16 g, 0.50 mmol) in dichloroethane (5 mL) at room temperature under N2. 
After 5 minutes, the solution was heated to reflux for 2 h then cooled to room 
temperature. Formic acid (3 mL) was added carefully and the mixture was 
heated to reflux for 6 h. Upon cooling to room temperature, an aqueous 1 N 
NaOH solution was added until the pH of the aqueous phase is alkaline, then 
added CH2CI2 (250 mL) and water (100 mL). The organic layer was 
separated, dried over MgS04, filtered and concentrated to give the title 
compound as a white solid (0.20 g) with ca. 80% purity. The solid was 
partially dissolved in hot CHCI3 (20 mL), filtered, and concentrated. The 
resulting solid vyas dissolved in CHCI3 (15 mL) and then EtaO (25 mL) was 



Example 114 




6-(4-chlorophenyl)-3-{6-[(dimethylamino)methyl]-2- 
naphthalenyl}thieno[3^-d|pyrimidin-4(3N)-one 
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added which produced a white precipitate. The solid was filtered and dried 
under vacuum to give the title compound as a white powder (0.089 g, 40%). 

NMR (400 MHz. CDCI3) 5 8.24 (s. 1H). 7.98 (d, J = 8.8 Hz. 1H). 7.89 - 
7.84 (m, 3H). 7.68 (d. J = 8.4 Hz. 2H). 7.61 - 7.52 (m, 3H). 7.45 (d, J - 8.5 
5 Hz, 2H), 3.64 (s. 2H). 2.32 (s. 6H). EI-LCMS m/z 446 (M+H), 



Example 115 




6-(4-chlorophenyl).3-[6-(1-pyrrolidinylmethyl)-2-naphthaienyl]thleno[3,2- 
1 0 d|pyrimidin-4(3H)K>ne maleate salt 

A solution of AIMea in hexanes (5.36 mL, 10.71 mmol) was added slowly to a 
solution of [6-(1-pyn-olidinylmethyl)-2-naphthalenyl]amine (1.05 g, 4.65 mmol) 
and methyl 5-(4-chlorophenyl)-3-{[(1 E)-(dimethylamino)methylidene]amino}-2- 

1 5 thiophenecarboxylate (Example 1 , Step D; 1 .1 5 g, 3.57 mmol) in 

dichtoroethane (40 mL) at room temperature under N2. After 5 minutes, the 
solution was heated to reflux for 3 h then cooled to room temperature. Formic 
add (25 mL) was added carefully and the mixture was heated to reflux for 4 h. 
Upon cooling to room temperature, an aqueous 1 N NaOH solution was 

20 added until the pH of the aqueous phase is alkaline. Extracted with CH2CI2 (2 
X 250 mL) and the organic layer was separated, dried over MgS04. filtered, 
and concentrated. The solid was purified by column chromatography through 
silica gel eluting with an increasing gradient from ethyl acetate to 10% 
MeOH/ethyl acetate to give the title compound in ca. 75% purity. The solid 

25 was dissolved in hot DMSO, cooled to room temperature and filtered. The 
resulting solid (1.1 g) was partially dissolved in CHCI3 and maleic acid (1 
equivalent) was added. The solution was filtered and concentrated to give the 
title compound as the maleate salt (0.89 g, 45%). ^H NMR (400 MHz, CDCI3) 
5 9.90 (br s. 1 H), 8.58 (s, 1 H). 8.22 - 8.1 1 (m. 4H), 8.04 (s, 1 H). 7.96 (d. J = 

30 8.6 Hz, 2H). 7.78 - 7.73 (m, 2H). 7.60 (d. J = 8.6 Hz, 2H). 6.03 (s, 2H), 4.56 
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(s. 4H), 3.35-3.10 (m. 4H). 2.11 - 1.84 (m, 4H). EI-LCMS m/zA72 (M+H). 



6-(4-chlorophenyl)-3-{1 -[2-(1 -pyrrolidinyl)ethyl]-1 H-benzimidazol-5- 
yl}thieno[3,2-cqpyrimiciin-4(3H)-one 



2, 4-Dinitrofluorobenzene (18.6 g, 0.10 mol) was added to a stirring THF (150 
mL) solution of [2-(1-pyrrolid[nyl)ethyl]amine (1 1 .40g, O.IOmoi) and 
triethytamine (1 0.1 9 g, 0.1 0 mol). After stirring at ambient temperature for 2 
hours the reaction was diluted with sodium hydroxide (20 mL, 5 N), diluted 
with ethyl acetate and extracted twice with brine, once with water, dried, 
filtered and corK:entrated to give a yellow powder (28.0 g, 100%). LCMS m/z 
281 (MH+). NMR (300 MHz. DMSO-de) 5 9.00 (m, 1H). 8.80 (s. 1H), 8.22 
(d, 1H), 7,20 (d, 1H), 3.56 (m, 2H), 2.77 (t, 2H), 2.55 (m, 4H), 1.70 (m, 4H). 



Example 116 





H 




Step A: (2,4-Dinitrophenyl)[2-(1-pyrrolidlnyl)ethyl]amine 





Step B: 1 -(2-(1 -pyrrolidinyl)ethyll-1 H-benzimidazol-5-amine 



A dioxane (200 mL) solution of (2,4-dinitrophenyl)[2-(1 -pynrolidinyl)- , 
ethyl]amine (28.0 g, 0.10 mol) with P6{6wyc (2.0 g) was agitated on a Parr 
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shaker apparatus under 45 psi hydrogen pressure for 3 hours. The reaction 
mixture was removed to a nitrogen atmosphere, filtered through celite and 
combined with triethylorthoformate (100 mL) and HCI/dioxane (20 mL, 4 M). 
After warming to reflux overnight, the reaction was concentrated, mixed with 
5 aqueous sodium hydroxide (20 mL, 5 N), extracted with ethyl acetate. 



concentrated and chromatographed using EtOH:EtOA(^1:1 on silica gel to 
give a deep tan solid (20 g, 87%). LCMS m/z 231 (MH+). NMR (300 MHz, 
DMSO-de) 5 8.24 (s. 1H), 8.20 (s. 1H). 8.00 (d. 1H). 7.51 (d, 1H), 4.70 (m, 
2H), 4.35 (t. 2H), 2.77 (t, 2H), 2.55 (m. 4H). 1 .64 (m. 4H). 



Step C: 6-(4-chlorophenyl)-3-{1 -[2-(1-pyrrolidinyl)ethyll-1 H-benzlmidazol-5- 



15 An ethanol (10 mL) solution of 1-[2-(1-pyrrolidinyl)ethylJ-1H-benzimida-zol-5- 
amine (0.46 g, 0.002 M) and methyl 5-(4-chlorophenyl)-3-{[(1 Z)- 
(dimethylamino)methylidene]-amino}-2-thiophenecarboxylate (Example 1, 
Step D; 0.319 g, 0.001 mol) was warmed to reflux overnight, then filtered at 
ambient temperature to give a tan solid (0.1 55 g, 32%). LCMS m/z 476 

20 (MH+). NMR (300 MHz, DMSO-cfe) 5 8.50 (s. 1 H), 8.40 (s, 1 H), 8.03 (s, 

1H), 7.97 (d, 2H). 7.84 (s, 1H). 7.80 (d. 1H), 7.62 (d. 2H). 7.40 (d, 1H), 4.44 (t. 
2H), 2.84 (t, 2H), 2.42-2.58 (m. 4H), 1 .64 (m. 4H). 



10 





yl}thieno[3.2-c(Ipyrimldin-4(3H)-one 



Example 117 



25 
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6-(4-chrorophenyl)-3-(2-{[2-(1*pyrrolidinyl)ethyJ]amino}*1H-benzimidazol- 



Step A: 5-nitro-A/-[2-(1 -pyrrolidinyl)ethyl]-1 H-benzimidazol-2-amine 

A solution of 2-chloro-5-nitro-1H-benzlmidazole (1.0 g, 5.06 mmoi) in 20 mL 
ethanol was treated with [2-(1-pyrroiidinyl)ethyl]aniine (835 fiL, 6.6 mmol) and 
heated to reflux for 1 hour. More [2-(1-pyrrolidinyl)ethyl]amine (1670 ^L, 13.2 
mmol) was added and the reaction was placed in a sealed tube at 160 ""C 
overnight. The reaction was concentrated to produce an oil that was a 
mixture of the 5-nitro-A/-[2-(1-pyrrolidinyl)ethyll-1H-benzimfdazol-2-amine and 
[2-(1-pyrrolidinyl)ethyl]amine. NMR (400 MHz, DMSO-de) 5 1.7 (m, 4 H) 
2.4 (m. 4 H) 2.5 (m, 2 H) 2.6 (t, J=6.6 Hz, 2 H) 7.2 (d, J=8.8 Hz. 1 H) 7.9 (dd, 
J=8.8, 2.4 Hz. 1 H) 7.9 (d. J=2.4 Hz. 1 H). ES-LCMS m/z 276 (M+H). 



Step B: Ap-[2-(1-pyrrolidinyl)ethyl]-1H-benztmidazole-2,5-diamine 

The mixture of 5-nitro-/S/-[2«(1-pyrrolidinyl)ethyl]-1H-benzimidazol-2-amine and 
[2-(1-pyrrolidinyl)ethyl]amine obtained in the previous reaction was dissolved 
in 30 mL ethanol. treated with 10% palladium on carbon (500 mg, 0.46 mmol), 
and hydrogenated on a Parr apparatus at 30 psi. When hydrogen uptake was 
complete, the reaction was filtered through a plug of silica/celite and 
concentrated in vacuo. Chromatography on 12 g silica with 0*10% 2M 
ammonia in methanol/dichloromethane produced /\/^-[2-(1-pyrrolidlnyl)ethyl]- 
1H-benzimldazole-2,5-diamine along with [2-(1-pyrrolidinyl)ethyllamine (800 
mg), ^H NMR (400 MHz, DMSO-de) 5 1,7 (m, 4 H) 2.4 (m. 2 H) 2.5 (t. J=6.4 



5*yl)thieno[3,2-cr)pyrimidin-4(3H)-one 
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Hz. 2 H) 2.6 (t. J=6.6 Hz. 2 H) 2.8 (t, J=6.2 Hz, 2 H) 6.2 (dd, J=8.1, 2.0 Hz, 1 
H) 6.4 (d. J=1.8 Hz. 1 H) 6.8 (d, J=8.2 Hz, 1 H) 




Step C: 6-(4-chlorophenyl)-3-(2-{[2-(1-pyrrolidlnyl)ethyQamino}-1H- 
benzimidazot-5-yl)thieno[3.2-d]pyrimidin-4(3H)-one 

The mixture of A/^-[2-(1-pyrrolidlnyl)ethyl]-1H-benzimidazole-2.5-diamine and 
[2-(1-pyrrolidinyl)ethyl]annine obtained in the previous reaction, was treated 
with methyl 5-(4-chlorophenyl)-3-{[(EHdimethylalDino)methytidene]amino}-2- . 
thiophenecarboxylate (1.05 g, 3.26 mmol) and heated In 5 g phenol at 170 ''C 
for 2 hours. The reaction was directly chromatographed on 40 g silica with 0- 
10% 2 M ammonia in methanol/dichloromethane to provide the desired 
product (449 mg). The byproduct 6-(4-chlorophenyl)-3-[2-(1- 
pyrrolidinyl)ethyl]thieno[3,2-d)pyrimidin-4(3H)-one (139 mg) was also Isolated. 
^H NMR (400 MHz DMSO-de) 5 1 .7 (m. 4 H) 2.5 (m. 4 H) 2.6 (t. J=6.6, 6.2 Hz. 
2 H) 3.4 (m. 2 H) 6.7 (t. J=5.9 Hz. 1 H) 6.9 (dd, J=8.2. 2.0 Hz. 1 H) 7.2 (d. 
J=8.2 Hz. 1 H) 7.2 (d. v/=2.2 Hz. 1 H) 7.6 (d. J=8.8 Hz, 2 H) 7.9 (d. J=8.8 Hz. 2 
H) 8.0 (m, 1 H) 8.4 (m. 1 H). ES-LCMS m/z 491 (M+H). 



Example 118 




6-(4-chlorophenyl)-3-(2,3-dihydro-1 H>imidazo[1 ^-a]benzimidazol-7- 
yl)thieno[3,2-cqpyrimldln-4(3H)-one 



wo 2004/092181 



PCT/US2004/010518 



213 




II 
O 



Step A: 1,1-dimethylethyl(2-{[[(2-bromo-5- 
nitrophenyl)amino](dimethylamino)methylidene]amino}ethyl)carbam 

A solution of Ar-(2-bromo-5-nitrophenyl)-A/,NHlimethylcarbamimidic chloride 
(1 .64 mmol) in 20 mL dichloromethane was treated with triethylamine (1 .14 
mL, 8.2 mmol) and 1,1-dimethylethyl (2-aminoethyl)carbamate (395 mg, 2.46 
mmol) and stirred for 36 hours. No reaction had occurred. The 
dichloromethane was removed by distillation and replaced with 10 mL 
tetrahydrofuran and the reaction was heated to reflux overnight. NMR (400 
MHz. DMSO-de) 5 1,3 (s. 9 H) 2.7 (s, 6 H) 2.9 (m. 2 H) 3.6 (m..1 H) 7.3 (m, 2 
H) 7.7 (d, J=9.0 Hz, 1 H). 



Step B: 1,1-dimethylethyi {2-[2-(dlmethylamino)-5-nitro-1H-benzlmldazoH- 

yl]ethyl}carbamate 

A solution of 1 ,1 -dimethylethyl (2-{[[(2-bromo-5- 

nitrophenyl)amino](dimethylamino)methylidene]amino}ethyl)carbamate (1.64 
mmol), BINAP (92 mg, 0.15 mmol) and cesium carbonate (746 mg, 2.3 mmol) 
In 16 mL tetrahydrofuran was treated with palladium acetate (22 mg, 0.1 
mmol) and heated to reflux for 24 hours. More BINAP and palladium acetate 
were added and the reaction refluxed for an additional 24 hours. The reaction 
was diluted with 1 N sodium hydroxide and extracted with dichloromethane. 
The organics were dried over magnesium sulfate, concentrated in vacuo and 
the residue chromatographed on 12 g silica with 0-10% 
methanol/dichloromethane to oroduce de^-'-ed prcr*»ict contaminated v/H> 




p 



II 



o 
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BINAP. NMR (400 MHz, CDCI3) 5 1.4 (s. 9 H) 3.0 (s, 6 H) 3.4 (dt, J=6.2 
Hz, 2 H) 4.2 (t, J=6.4 Hz. 2 H) 5.0 (t, J=5.7 Hz, 1 H) 7.2 (d, J=8.8 Hz. 1 H) 8.0 
(dd, J=8-8. 2.0 Hz, 1 H) 8.3 (d, J=2.0 Hz. 1 H). 



O 




Step C: 1 ,1 -dimethylethyl {2-[5-annlno-2-(dimethylamino)-1 H-benzimidazol-1 - 

yi]ethyl}carbamate 



The mixture of 1,1-dimethylethyI {2-[2-(dimethylamino)-5-nitro-1H- 
benzlmidazoH-yl]ethyl}carbamate and BINAP obtained in the previous 
reaction was dissolved in 20 mL ethanol, treated with 10% palladium on 
carbon (250 mg, 0.23 mmol), and hydrogenated on a Parr apparatus at 40 
psi. When hydrogen uptake was complete, the reaction was filtered through a 
plug of silica/celite and concentrated in vacuo to produce the desire product 
contaminated with BINAP. ^H NMR (400 MHz. CDCI3) 5 1.4 (s, 9 H) 2.9 (s, 6 
H) 3.4 (dt. J=7.0, 6.0, 5.3 Hz. 2 H) 4.1 (t, J=6.2 Hz. 2 H) 4.9 (t, J=4.9 Hz, 1 H) 
6.5 (dd, J=8.2. 1.8 Hz, 1 H) 6.9 (d. J=1.6 Hz. 1 H) 7.0 (d. J=8.2 Hz, 1 H). 




Step D: 6-(4-chlorophenyl)-3-(2,3-dihydro-1 H-imidazo[1 ,2-a]benzimidazol-7« 

yl)thieno[3,2-dlpyrimidin-4(3H)-one 

The mixture of 1,1-dimethylethyl {2-[5-amino-2-(dimethylamino)-1/+- 
benzimfdazol-1*yl]ethyl}carbamate and BINAP obtained in the previous 
reaction was treated with methyl 5-(4-chlorophenyl)-3-{[(E)- 
(dimethytamino)methylidene]amino}-2-thiophenecarboxylate (270 mg, 0.84 
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mmoi) and heated in 1 g phenol at 200 °C for 1 hour. Upon cooling, the 
reaction was diluted with methanol, and the resulting precipitate was collected 
by filtration. This residue was dissolved in dimethylsulfoxide, treated with 4 N 
HCI in dioxane, and precipitated by addition of ethylacetate and diethylether to 
yield 139 mg of 6-(4-chlorophenyl)-3-(2,3-dihydro-1H-imida2o[1,2- 
a]benzimidazol-7-yl)thieno[3,2-d]pyrimidln-4(3H)-one. NMR (400 MHz, 
DMSO-de) 6 2.5 (s. 1 H) 4.3 (m, 4 H) 7.4 (dd. J-QA, 1.8 Hz. 1 H) 7.6 (m, 3 H) 
7.6 (d, J=1.8 Hz, 1 H) 7.9 (d. J=8.6 Hz. 2 H) 8.0 (s, 1 H) 8.4 (s, 1 H) 9.5 (brs, 1 
H). ES-LCMS/iyz420(M+H). 

The activity of the compounds used in this invention may be assessed in a 
functional assay of MCHR1 as follows: 

Materials 

Black, 96-weli. tissue culture-treated plates (#3904) were obtained from 
Coming Costar, (Cambridge, MA). LucPlus™ Luciferase Reporter Gene Assay 
Kit (# 6016969) was from Packard (Meriden, CT), plate seals (#097-05- 
00006) were from Beckman/Sagian (Fullerton, CA). DMEM/F12 medium 
(#11039-021), fetal bovine serum (# 16140-071), L-glutamine (#25030-081), 
0.05% trypsin (# 25300-054), G418 (#10131-035) and dPBS (#4190-144) 
were obtained from Gibco BRL (Gaithersburg. MD). Thrombin (T7009) was 
obtained from Sigma Chemical Co (St. Louis, MO), MCH peptide (H-1482) 
was obtained from BaChem California (Torrance, CA). Chinese hamster 
ovary (CHO-K1) cells were obtained from the American Type Culture 
Collection (Rockville. MD). 

Methods 

CHO cells, stably expressing an elkgal4-luc'^ reporter gene (host) were 
transfected by electroporation with the human melanin-concentrating hormone 
one receptor. A stable clone was selected using G418 for functional 
antagonist assays. MCH1R-elkgal4-luc* CHO cells were propagated in 
complete medium (DMEM/F12, 6% PBS, 2 mM l-glutamine) in T225 flasks. 
Forty-eight hours prior to assay, cells were harvested with 2 mL of .0.05% 
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trypsin, washed with complete medium and plated at a concentration of 
10,000 cells/well in complete medium in blacic 96-well plates. Eighteen hours 
prior to the assay, the medium was removed from the cells by aspiration and 
replaced with 90 ^I/well of serum-free DMEM/F12. At the time of the assay. 
5 antagonists (1 ^L. 100% DMSO) as io-point concentration curves were 
pipetted into the medium and plates were incubated for forty-five minutes at 
37°C in a cell culture incubator. Following this incubation. 10 uL cf an ECso 
concentration of MCH was added to the medium and plates were incubated 
for five hours at 37°C in a cell culture Incubator. The medium was aspirated 

10 by vacuum followed by the addition of 50 ^1 of a 1 :1 mixture of LucPlus™ and 
dPBS/1 mM CaClz/l mM MgCb. The aspiration step was performed in order 
to avoid potential assay Interference by compounds which could inhibit or 
sUmulate luciferase activity or could inhibit light signal. Plates were sealed 
and subjected to dark adaptation at room temperature for 10 minutes before 

1 5 luciferase activity was quantitated on a TopCount^M microplate scintillation 
counter (Packard) using 3 seconds/well count time. The ability of the 
antagonist to inhibit the MCH ECao response was quantified by non-linear 
regression analysis using a curve-fitting program based in Microsoft ExCel. 
Specificity of the MCHR1 response was determined using the same protocol 

20 by measuring the ability of said antagonists to Inhibit an ECeo thrombin 
response (endogenous) in.the host cells. 

The compounds described in Examples have a pICso value of greater than 7. 
For example, the compounds of Examples 1 and 1 1 have the respective 
25 MCHR1 pICso values shown below. Also included are exemplified 
compounds from 

WO 01/82925A1 from Takeda. As can be seen from Table 2. the compounds 
claimed herein are over 10-fold more active than the cited examples from 
WO 01/82925A1. 
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Example 


Structure 


MCHR1 pICso 


Example 1 
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What is claimed is: 

1 . A compound of fomiula (I) comprising: 




(R*)r (I) 

5 a pharmaceutically acceptable salt, solvate, or physiologically functional 
derivative thereof, wherein: 

is aryl or heteroaryl, optionally substituted one to four times by at least 
one substituent selected from the group consisting of straight or branched 
alkyi, alkenyl, halo, amino, alkylamino, dialkylamino, hydroxy, 
1 0 alkoxy, cyano, nitro, and alkylthio groups; 

the dashed line connecting to represents an optional bond; 
q, r, s, and t are each independently 0 or 1; 
when q is 1 , the dashed line is a bond; 
and are each independently C or N; 
1 5 when q is 0 then is N, S, or O; 

when q is 1 , then Is C or N; when q is 1 and is N, then s Is 0; 
when is S or O, s is 0; 
when isN, rIsO; 
whenQ^isN, tisO; 
20 r3 Is selected from the group consisting of hydrogen, amino, 

straight or branched alkyI, cycloalkyi, and C1.3 alkylthio; 

when or is C, then each corresponding R"* is independently 
selected from the group consisting of hydrogen, Ci-e straight or branched 
alkyl. C3-6 cycloalkyi, alkoxy, amino, alkylamino. dialkylamino, hydroxy, 
25 cyano, alkylthio, and halo; 

when q is 1 and is C or when q is 0 and is N, then is selected 
from the group consisting of hydrogen, straight or branched alkyl. C3-6 
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cycloalkyi, alkoxy, amino, alkylamino, dialkylamino, hydroxy, cyano. 
alkylthio, and hato; 

Ar is an optionally substituted fused bicydic ring; 
Y is a bond or a Ci^ alkylene, optionally substituted; 
5 (i) and are each independently selected from the group 

consisting of hydrogen, Ci-e straight or branched alkyi, C3-6 cycloalkyi, and a 
5- or 6-membered heterocycle wherein said alkyI, said cycloalkyi, and said 
heterocycle are optionally substituted one to four times by at least one 
substituent selected from the group consisting of phenyl, Ci^alkyl, hydroxy, 

10 0x0, alkoxy and halo; 

or (ii) R^ and R^ are each selected from the group consisting of aryl and 
a 5- or 6-membered heteroaryl containing 1, 2, or 3 heteroatoms selected 
from N, O, and S, wherein said aryl and said heteroaryl are optionally 
substituted 1 , 2, or 3 times with at least one substituent selected from halo, 

1 5 straight or branched alkyI, C^s cycloalkyi, alkenyl, Ca^ cydoalkenyl, 

hydroxy, alkoxy, 0x0, amino, alkylamino, C1-6 dialkylamino, Ci^ 
alkylthio. alkylsulfinyl, and phenyl; 

or (iii) R^ and R^ together with the nitrogen atom to which they are 
bonded form a 4-8 membered heterocyclic ring or a 7-1 1 membered bicydic 

20 heterocyclic ring, wherein said 4-8 membered heterocyclic ring and said 7-1 1 
membered bicydic heterocyclic ring contain 1 , 2 or 3 heteroatoms selected 
from the group consisting of N, O, and S, and wherein either said heterocyclic 
ring or said bicydic heterocyclic ring is optionally substituted one to four times 
by at least one substituent selected from the group consisting of by phenyl. 

25 C1-3 alkyI, hydroxy, alkoxy. 0x0, amino, Ci^ alkylamino, dialkylamino. 
or halo; 

or (iv) R^ together with the adjacent nitrogen atom and Y may form an 
optionally substitued nitrogen-containing heterocycle, or R^ together with the 
adjacent nitrogen atom, Y, and Ar may form an optionally substituted nitrogen- 
30 containing heterocycle or salt thereof, wherein said heterocycle is optionally 
substituted one to four times by at least one substituent selected from the 
group consisting of phenyl, C1-3 alkyI, hydroxy, alkoxy, 0x0, amino, Ci^ 
alkylamino, dialkylamino, and halo. 
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2. 



The compound according to Claim 1 wherein said 



is an aryl substituted with at least one substituent selected from the 
group consisting of halo. alkyi, and alkoxy. 



3. The compound according to Claim 2 wherein is an aryl 
substituted with a group selected from the group consisting of fluoro, chloro, 
and methoxy. 



4. The compound according to Claim 1 wherein said ^ is a halo- 
substituted aryl or a halo-substituted heteroaryl; q Is 0; s is 0; is C; is S; 
and R* is hydrogen or halo. 



6. The compound according to Claim 4 wherein W is 4-chlorophenyl; 
and and R* are each hydrogen. 

6. The compound according to Claim 1 wherein Q\ Q^. and are each 
C; and q, r, s, and t are 1 . 

7. The compound according to Claim 1 wherein is N; |s S; and q, r. 
s, and t are 0. 

8. The compound according to Claim 1 wherein R^ is hydrogen or C1.3 
alkyl. 

9. The compound according to Claim 8 wherein R^ is hydrogen or methyl. 

1 0. The compound according to Claim 1 wherein Ar is a 9-14 membered 
fused polycyclic aromatic ring or a 9-14 membered fused polycyclic 
heteroaromatic ring. 
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1 1 . The compound of Claim 1 0 wherein the fiised polycyclic aromatic ring 
or the fused polycyclic heteroaipmatic ring Is a ten-membered ring. 

5 12. The compound of Claim 1 1 wherein said fused polycyclic aromatic ring 
is naphthalene or the fused polycyclic heteroaromatic ring is quinoline. 

13. The compound of Claim 1 1 wherein Y is an optionally substituted Ci^ 
alkylene. 

10 

14. The compound of Claim 1 3 wherein Y Is a Ci^ alkylene, optionally 
substituted. 

1 5. The compound of Claim 1 4 wherein Y is methylene. 

15 

1 6. The compound according to Claim 1 wherein in (i). and are each 
selected independently from the group consisting of hydrogen, Ci-6 straight or 
branched alkyi, and C 3^ alkyl. 

20 1 7. The compound according to Claim 1 6 wherein in (i), R^ and R^ are 

selected independently from the group consisting of hydrogen. Ci^ straight or 
branched alkyl, and C 3-6 alkyl. 

1 8. The compound according to Claim 1 wherein, in (il), either R^ or R^ is 
25 aryl or heteroaryl, the other remaining R^ or R^ is hydrogen, C1.6 alkyl, or a C3. 

6 cydoalkyl. 

19. The compound according to Claim 1 wherein, in (Hi), R^ and R^ 
together with the nitrogen atom to which they are bonded form a 5- or 6- 

30 membered heterocyclic ring or an 8- to 1 1-membered bicyclic heterocyclic 
ring; having 1 or 2 heteroatoms selected from the group N, O, and S; wherein 
said heterocyclic ring and said bicyclic heterocyclic ring are optionally 
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substituted up to two times with a substituent selected from the group 
consisting of oxo and halo. 

20. The compound according to Claim 1 9 wherein and together with 
the nitrogen atom to which they are bonded form a heterocyclic ring selected 
from the group consisting of morphollne. piperidine. piperazine. pyrrolidine. 
1.3-thiazolidine. 1 H-imidazole, 4.5-dihydro-1 H-imidazole. 2.3-dihydroindote. 
1.2.3.4-tetrahydroquinoline. and 1.2,3.4.tetrahydrolsoquinollne; and wherein 
said heterocyclic ring is optionally substituted one to four times by at least one 
substituent selected from the group consisting of phenyl, C,.3 alkyl. hydroxy, 
alkoxy, oxo. and halo. 



15 



21 . The compound according to Claim 1 wherein, in (iv), Y is a C^e 
alkylene and R^ is linked to said Y to form a 3 to 7-membered ring. 

22. The compound according to Claim 21 wherein said ring is a 5 to 7- 
membered ring optionally substituted one to four times by at least one 
substituent selected from the group consisting of phenyl. Ci^ alkyl. hydroxy, 
alkoxy, oxo. and halo. 



^JcJ. The compound according Claim 1 wherein the compound is selected 
from the group consisting of 

6-(4-chlorophenyl)-3-{6-[(4-hydroxy-1-plperidinyl)methyll-2- 
naphthalenyl>thieno[3.2-dlpyrimidin-4(3H)-one; 

6-(4-chlorophenyl)-3.[6-(pyrrolidln-1-ylmethyl)-2-naphthyl]thleno[3.2- 
capyrimidin-4(3W)-one; 



6-(4-chlorophenyl)-3-{2-[(4-methylpiperazin-1-yl)methyr|-1.benzothien.5- 
yl}thleno[3,2-d]pyrimidin-4(3H)-one; 
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6-(4-fluorophenyl)-3-[2-(pyrrolidin-1-ylmethyl)qujnolln-6-yl}thieno[3,2^ 
c/Ipyrimfdin-4(3fy)-one; 



6-(4-fluorophenyl)-3-[2-(piperidin-1-ylmethyl)qulnoIin-6-yl]thieno[3,2- 
(/|pyrimidin-4(3H)-one; 

6-(4-chlorophenyl)-3-{2-[(2-methyl-4,5-dihydro-1H-imidazoH- 
yl)methyI]quinolin-6-yl>thienoI3,2-dJpyrimidin-4(3H)-one; 

6-(4-chlorophenyl)-3K2-[(2,2.6.6-tetramethylplperldln-1-yl)methyl]quinolln-6- 
yl}thieno[3,2-c/|pyrimidln-4(3Ay)-one; 

and6-phenyl-3-[2-(pyrrolidln-1-ylmethyl)quinolin-6-yl]thienoI3.2-tflpyrimidin- 
4(3H)-one. 



24. The compound of Claim 1 0 wherein Ar is a 9-membered fused 
polycyclic heteroaromatic ring. 

25. The compound of Claim 24 wherein Ar is benzimidazole, indole, 
benzothiophene, benzothiazole, or benzofiiran. 

26. The compound of Claim 25 wherein Y is a bond or C« alkytene. 

27. The compound of Claim 26 wherein Y Is a bond or methylene. 

28. The compound according to Claim 24 wherein, in (i), and are 
each selected independently from the group consisting of hydrogen, C,^ 
straight or branched alkyi, and C 3.6 alkyl. 

29. The compound according to Claim 28 wherein, in (i), R^ and R^ each 
are selected independently from the group consisting of hydrogen. C1.3 
straight or branched alkyl. and C 3.© alkyl. 
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30. The compound according to Claim 24 wherein, in (ii), either or is 
aryl or heteroaryl, the other renriaining R^ or R^ is hydrogen. C,^ allcyl. or a C3. 
6 cycloalltyl. 



31 . The compound according to Claim 24 wherein, in (iii), R^ and R^ 
together with tlie nitrogen atom to which they are bonded form a 5- or 6- 
membered heterocyclic ring or an 8- to 11-membered bicycllc heterocyclk 
ring having 1 or 2 heteroatoms selected from the group N, O, and S; and 
wherein said heterocyclic ring and said bicyclic heterocyclic ring may be 
optionally substituted up to two times with a substituent selected from the 
group consisting of 0x0 and halo. 



32. The compound according to Claim 31 wherein said ring Is selected 
from the group consisting of morpholine. piperidine. piperazine, pyrrolidine, 
1.3-thlazolidine. IH-imidazole. 4.5-dihydro-1H-imidazole, 2.3-dihydroindole. 
1.2.3,4-tetrahydroquinoline. or 1 .2.3.4-tetrahydroisoquinoline; and wherein 
said heterocyclic ring is optionally substituted one to four times by at least one 
substituent selected from the group consisting of phenyl. Ci^ alkyl. hydroxy, 
alkoxy, 0x0, and halo. 



33. The compound according to Claim 24 wherein, in (iv), Y is a C1.6 
alkylene and is linked to R^ to form a 3-7 membered ring. 

34. The compound according to Claim 33 wherein said 3-7 membered ring 
is a 5 to 7 membered ring optionally substituted one to four times by at least 
one substttutent selected from the group consisting of phenyl, C1.3 alkyl, 
hydroxy, alkoxy. 0x0. and halo. 

35. The compound according Claim 24 wherein the compound is 

6-(4-chlorophenyl).3-[2-(dimethylamino)-1-methyl-1H-benzimidazol-6- 
yl]thienoI3,2-c(|pyrimidin-4(3H)-one. 



wo 2004/092181 



PCTAJS2004/010S18 



225 

36. A process for preparing a compound of Claim 1 comprising reacting an 
aniline of formula (II) 




with a compound of formula (III) 




while heating in a solvent; wherein rs r*, r3, r2 ri ^r, Y. Q\ Q^, Q^, 
q, r, s, and t, are as defined in fonnula (I); and R is C1-C4 alkyl. 

37. A process for preparing a compound of Claim 1 comprising coupling an 
amino acid of formula (IV) 



O 




(R*)r 

with an aniline of formula (II) 




in a solvent in the presence of at least one coupling agent to produce a 
compound of formula (V) 
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NH, — 



and cycllzing said compound of fomiula (V) to form a compound of formula (I) 

and wherein rs p4 r3 r2 ri y r»2 „ , . ^ 

f% , 1% , i\ , Af, Y, u , Cr, Q , q, r, s, and t, are as 

defined in fonmula (I). 

38. A process for preparing a compound of Claim 1 comprising reaction of 
a compound of formula (Va) 

(R*)r (Va) 

with a boronic add and a palladium catalyst using a Suzuki coupling reaction 
or with an organostannane reagent and a palladium catalyst using a Stille 

coupling reaction and wherein ©, R^. r*, r3 r2 pi y qi ^3 ^ ^ 
s. and t. are as defined in formula (I) and T is a leaving group. 

39. A process for preparing a compound of Claim 1 comprising coupling an 
amino ester of fomnula (III) 

r 1? 

with an aniline of fomnula (H) 
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(») 



in a solvent in the presence of trimethylaluminum to produce a compound of 
formula (Vb) 

mi 



I ^1 



(R4)^ NMe^ 

and cydizing said compound of formula (Vb) to form a compound of formula 

(I) and wherein wherein W, rs r4^ ^2 ^ y q2 q3^ ^ ^ ^ 
t, are as defined in formula (I). 

40. A process for preparing a compound of Claim 1 wherein is hydrogen 
comprising reacting a sulfur-containing compound of formula (VI) 



(VI) 

with a Raney nickel reductant in the presence of a solvent and wherein 

wherein W. rs r4 r3^ pji^ y q2 q3 ^ g^^, ^ 
defined in formula (I). 



41 . A process fpr preparing a compound of Claim 1 comprising the 
alkylation of an amine of fonmuia (VII) 
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H-NR'r^ (VII) 

with an alkylating agent of formula (Vlll) 
'a ?\ 




11 7 (VIII) 



5 (R')r 

wherein T is a leaving group, and wherein , Rp, R*, R^, r2, r\ at, Y. Q\ 
Q^ Q^, q, r, s, and t, are as defined in fomnula (I). 

42. A process for preparing a compound of Claim 1 comprising the 
1 0 treatment of an amine of formula (VII) 

H— NR*r2 (VII)* 

with a strong base such as sodium hexamethyldisilazane and reaction with an 
ester of formula (III) 



(R'), ^^^^ 



15 in a solvent such as tetrahydrofuran to produce a compound of formula (Vb) 




N 

1 K 



(Vb) 



(R4)^ NMe^ 
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and cyclizing said compound of fomiula (Vb) to fomi a compound of fomiula 

(!) and wherein wherein ©. R^ r3. r2 r, ^ ^3 ^ ^ ^ 

t, are as defined in formula (I). 

5 43. A method of treating obesity, diabetes, depression, or anxiety in a 

mammal comprising the administration to said mammal of an effective amount 
of a compound according to Claim 1 or a phamiaceutically acceptable salt, 
solvate, or physiologically functional derivative thereof. 

10 44. The method of Claim 43 wherein said mammal is a human. 

45. A method of treating obesity, diabetes, depression, or anxiety 



0 



in a 

mammal comprising the administration of an effective amount of 
phamiaceuticai composition containing a compound according to Claim 1 
phamiaceutically acceptable salt, solvate, or physiologically functional 
derivative thereof to said mammal. 



46. 



The method of Claim 45 wherein said mammal is a human. 



47. The compound of Claim 1 . a salt, a solvate, or physiologically 
functional derivative thereof in combination with at least one species selected 
from the group consisting of an agent for treating diabetes, an agent for 
treating hypertension, and an agent for treating arteriosclerosis. 

48. The compound of Claim 1 , a salt, a solveat, or a physiologically 
functional derivative thereof in combination with at least one species for the 
treatment of obesity selected from the group consisting of (i) human ciliary 
neurotrophic factor, (ii) a CB-1 antagonist or Inverse agonist, (iii) a 
neurotransmitter reuptake Inhibitor. (Iv) a lipase inhibitor, (v) an MC4R 
agonist, (vi) a 5.HT2c agonist, and (vil) a ghrelln receptor agonist or 
antagonist. 
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49. A pharmaceutical composition comprising a compound of Claim 1 and 
at least one excrpient or carrier. 

50. The use of a compound of Claim 1 for the manufacture of a medicine 
for the treatment of a condition selected from the group consisting of obesity, 
diabetes, depression, and anxiety in a mammal preferably a human. 
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